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This  project   on   Interstate  Route  4   in   Orlando,   Flo.,   included   a   pedestrian 
overpass  providing  access  to  a  school. 


HIGHWAY  PROGRESS 

ANNUAL  REPORT  OF  THE  BUREAU  OF  PUBLIC  ROADS 

Summary  Review  of  the  Fiscal   Year 

r'TlHE  fiscal  year  1961^  saw  continuing  vigorous  progress  in  the  expanded 
X  nationwide  highway  improvement  program  inaugurated  by  tlie  Federal-Aid 
Highway  Act  of  1956.  Largely  as  a  result  of  5  years  of  concerted  effort  by  the 
States  and  the  Bureau  of  Public  Roads,  motorists  wei'e  traveling  on  some  10,800 
miles  of  the  Interstate  System,  both  in  cities  and  in  rural  areas.  Extensive 
improvements  had  also  been  made  on  other  major  highways  and  arterial  streets 
and  on  America's  vast  secondary  road  mileage,  in  the  long  continuing  regular 
Federal-aid  programs  begun  in  1917. 

The  total  mileage  of  all  roads  and  streets  in  the  United  States,  3.5  million 
miles,  is  no  longer  growing  extensively,  but  great  strides  are  being  made  in  the 
improvement  of  their  quality  and  capacity. 

Capital  expenditures  by  all  levels  of  government  in  the  United  States  on  all 
roads  and  streets,  for  engineering,  right-of-way,  and  construction,  were  estimated 
at  $6.3  billion  in  the  calendar  year  1960  and  were  expected  to  total  $7.0  billion 
in  1961. 

Highway  use  continued  to  break  past  records.  Motor-vehicle  registrations 
were  expected  to  reach  76  million  in  calendar  year  1961  and  travel  was 
forecast  at  733  billion  vehicle-miles,  a  gain  of  over  2  percent  in  each  case.  In 
calendar  year  1960  motor-vehicle  registrations  had  totaled  73.9  million  and 
travel  amounted  to  719  billion  vehicle-miles. 

Federal-aid  funds  obligated  for  surveys  and  plans,  right-of-way  acquisition, 
and  construction  totaled  $3,187  billion  during  the  fiscal  year  1961,  a  gain  of 
22  percent  over  the  $2,611  billion  obligated  in  the  previous  year. 

Apportionment  was  made  to  the  States  on  July  22,  1960,  of  Federal-aid  funds 
authorized  for  the  fiscal  year  1962,  including  $2.2  billion  for  the  Interstate 
System  and  $693.75  million  for  the  Federal-aid  primary  and  secondary  highway 
systems  and  their  urban  extensions  (the  so-called  ABC  program).  Because 
population  is  one  of  the  elements  involved  in  apportioning  ABC  funds  among 
the  States,  and  final  1960  Census  figures  were  not  yet  available,  only  75  percent 
of  the  ABC  authorized  funds  were  apportioned  at  that  time.  The  remainder 
of  the  $925  million  authorized  was  apportioned  among  the  States  on  December 
30,  1960. 

The  total  of  Federal-aid  funds  apportioned  since  passage  of  the  1956  Act, 
which  launched  the  accelerated  highway  program,  was  thus  brought  to  $16.4 
billion. 

During  the  year  reports  on  the  highway  cost  allocation  study  and  a  new 
estimate  of  the  cost  of  completing  the  Interstate  System  were  completed  by 
Public  Roads  and  presented  to  the  Congress.  These,  followed  by  an  urgent 
highway  message  from  the  President  and  extensive  hearings  in  the  Congress,  led 


1  The  fiscal  year  extended  from  July  1,  1960,  through  June  30,  1961. 


to  passage  of  the  Federal-Aid  Highway  Act  of  19G1,  api>roved  on  June  29,  the 
fifth  anniversary  of  the  190()  Act.  The  new  legislation  assured  completion  of 
the  Interstate  System  on  schedule  by  1972. 

Accomplishments  of  the  year 

During  the  year,  projects  were  programed  in  the  Federal-aid  and  Federal 
highway  programs  for  the  construction  of  24,847  miles  of  improvements.  Con- 
tracts were  awarded  during  the  year  for  improvements  to  23,017  miles  of  roads 
and  streets.  Construction  put  in  place  during  the  year  involved  $2,783  billion 
of  Federal  funds,  an  increase  of  2  percent  from  the  record  of  the  previous  year. 

Completions  of  all  classes  of  Federal-aid  and  Federal  projects  during  the 
fiscal  year  provided  improvements  on  23,127  miles  of  roads  and  streets.  In- 
cluded were  22,083  miles  of  highways  and  6,148  bridges  on  the  Federal-aid 
systems  and  1,044  miles  of  roads  in  national  forests,  parks,  and  parkways,  and 
on  flood-relief  and  access-road  projects. 

Hazards  at  railway-highway  grade  crossings  were  removed  during  the  year  by 
elimination  of  301  grade  crossings,  reconstruction  of  IS  inadequate  grade- 
separation  structures,  and  protection  of  389  crossings  by  installation  of  flashing 
lights  or  other  safety  devices.  These  figures  include  the  separation  or  protection 
of  crossings  encountered  on  new  highway  locations. 

The  linear  mileage  of  highway  improvements  completed  is  not  a  full  measure 
of  the  facilities  provided  for  traffic.  Capacity  and  safety  and  riding  quality 
are  all  improved  by  application  of  the  knowledge  gained  by  experience,  obser- 
vation, research,  and  development.  More  and  more  highways  were  constructed 
with  better  alinement,  flatter  curves  and  grades,  and  smoother  and  wider  pave- 
ments. The  Interstate  and  some  of  the  other  Federal-aid  projects  completed 
during  the  year  had  access  control  and  grade  crossings  eliminated.  Generally 
they  were  four  or  more  lanes  wide,  replacing  old  roads  with  only  two  lanes. 
The  22,083  miles  of  Federal-aid  projects  completed  during  the  fiscal  year  1961 
included  3,849  miles  of  4-lane  highways  and  277  miles  having  6  lanes  or  more. 
Thus  the  year's  Federal-aid  project  completions  provided  the  equivalent  of  52,971 
miles  of  single-lane  construction. 

At  the  end  of  the  fiscal  year,  construction  was  underway  or  plans  had  been 
approved,  in  the  Federal-aid  program,  for  improvements  on  32,375  miles  of 
roads  and  streets.  Included  were  construction  of  10,986  bridges  and  the  elimina- 
tion, reconstruction,  or  protection  of  1,4.51  railway-highway  crossings.  The  esti- 
mated cost  of  this  work  was  .$9.3  billion,  of  which  .$6.9  billion  was  Federal  aid. 

In  addition,  at  the  close  of  the  year,  the  programs  for  construction  of  national 
forest,  park,  and  public  lands  highways,  defense-access  roads,  and  flood-damaged 
roads  and  bridges,  included  improvements  underway  on  2,337  miles,  at  a  total 
estimated  cost  of  $169  million  including  $161  million  of  Federal  funds. 

Accomplishments  of  the  year  on  the  several  Federal-aid  systems  and  in  the 
Federal  lands  highway  programs,  and  detailed  information  on  other  subjects, 
will  be  found  in  individual  presentations  in  other  sections  of  this  report.  Sup- 
porting statistics,  both  in  summary  and  detail,  appear  in  the  appendix  tables. 

The  Interstate  System 

Progress  on  the  41,000-mile  Interstate  System  continued  to  be  the  center  of 
public  interest.  At  the  end  of  the  fiscal  year,  10,825  miles  of  the  System  were 
open  to  traffic,  of  which  5,550  miles  were  complete  to  standards  needed  for  fully 
serving  traffic  in  1975.  In  addition,  4,847  miles  were  under  construction.  Motor- 
ists and  truckers  across  the  Nation  were  experiencing  the  great  advantages  of 
these  controlled-access  freeways.  Industrial,  connnercial,  and  residential  de- 
velopment was  being  attracted  to  locations  adjacent  to  the  Inter.state  right-of- 
way. 


The  new  estimate  of  the  cost  of  completing  the  Interstate  System,  made  during 
the  year,  reaffirmed  the  1958  estimate  of  $41  billion  as  the  overall  cost  of  building 
the  System.     Of  this  total,  the  Federal  share  is  $37  billion. 

Federal-aid   financing 

The  difficult  financing  situation  described  in  last  year's  report  was  completely 
resolved  by  passage  of  the  Federal-Aid  Highway  Act  of  1961.  The  legislation, 
accepting  the  validity  of  the  1961  cost  estimate  for  the  Interstate  System,  in- 
creased the  Federal-aid  Interstate  fund  authorizations  over  the  next  decade 
so  as  to  provide  a  total  of  $37  billion  for  the  1957-72  period  during  which  the 
System  was  originally  scheduled  to  be  completed.  The  additional  $11%  billion 
thus  provided  over  the  original  total  authorization  assured  completion  of  the 
System  by  the  target  date. 

The  1961  act  also  provided  for  the  needed  additional  revenue  in  highway- 
user  taxes.  The  4-cent  per  gallon  motor-fuel  tax  was  continued,  tax  rates  on 
tires  and  tubes  and  on  heavy  vehicles  were  increased,  and  all  of  the  tax  on  new 
trucks  and  buses  (instead  of  just  half)  was  dedicated  to  the  highway  trust  fund 
beginning  July  1, 1962. 

Construction   contracts   and   prices 

The  Federal-aid  highway  construction  program  is  accomplished  under  the 
traditional  American  practice  of  competitive  bidding  for  contracts  let  by  the 
States.  Competitive  bidding  during  the  fiscal  year  was  generally  quite  spirited, 
averaging  6.8  bids  per  contract. 

During  the  fiscal  year,  6,644  Federal-aid  construction  contracts  were  awarded, 
of  which  3,674  were  on  the  primary  system  and  2,941  on  the  secondary  system. 
These  totals  include  628  miscellaneous  Federal-aid  highway  contracts  covering 
such  work  as  demolition  of  buildings,  landscaping,  and  storm  drainage.  Forty- 
seven  percent  of  the  primary  system  contracts  were  for  Interstate  System  proj- 
ects. Contracts  for  urban  work  were  also  included  in  the  total  for  the  primary 
system.  Successful  bidders  on  Federal-aid  primary  contracts  averaged  1.75  con- 
tract awards  each. 

The  average  size  contract  was  $467,500,  and  91  percent  of  the  contracts  were 
for  less  than  $1  million. 

The  trend  of  stabilization  in  highway  construction  bid  prices,  which  began  in 
the  second  quarter  of  fiscal  year  1957,  continued  throughout  fiscal  year  1961. 
The  composite  index  for  the  first  quarter  of  fiscal  year  1957  was  167.2  (1925-29 
average=100)  which  was  11.9  percent  above  the  low  point  of  149.4  at  the  end 
of  fiscal  year  1955.  The  composite  index  for  the  fourth  quarter  of  fiscal  year 
1960  was  159.1  which  was  6.5  percent  above  the  same  low  point.  The  index  for 
the  fourth  quarter  of  1961  was  160.0,  resulting  in  a  net  increase  of  0.6  percent 
during  fiscal  year  1961.  Work  was  underway  on  revision  of  the  weighting  struc- 
ture of  the  highway  construction  bid  price  index,  from  the  old  1925-29  base  period 
to  a  new  1957-59  base. 

Highway  construction  average  hourly  earnings  increased  3.2  percent  during 
fiscal  1961,  but  as  a  result  of  continually  improving  productivity  in  highway 
construction,  the  cost  of  labor  actually  decreased  0.8  percent.  The  cost  of  high- 
way construction  materials  dropped  2.1  percent,  but  equipment  ow^nership  costs 
rose  0.5  percent  during  the  year.  The  weighted  average  decrease  of  highway 
construction  labor,  materials,  and  eqiiipment  ow'nership  costs  was  1.0  percent, 
identical  with  the  decrease  during  fiscal  year  1960. 

Federal-aid  highway  construction,  during  fiscal  year  1961,  utilized  approxi- 
mately 275  million  man-hours  of  labor,  1.6  million  tons  of  steel,  50  million  barrels 
of  Portland  cement,  3.9  million  tons  of  bituminous  materials,  and  295  million 


tons  of  aggregates.    Excavation  on  Federal-aid  highway  construction,  during  the 
fiscal  year,  amounted  to  about  1.25  billion  cubic  yards. 

Research 

Public  Roads,  with  its  own  staff  and  in  cooperation  with  the  State  highway 
departments  and  others,  continued  to  carry  on  an  extensive  pi'ogram  of  research 
in  a  wide  range  of  fields  related  to  highways  and  transportation.  A  major 
accomplishment  of  the  year  was  the  completion  (except  for  one  phase)  of  the 
highway  cost  allocation  study.  At  the  AASHO  Road  Test,  in  which  Public 
Roads  was  collaborating  with  the  States  and  others,  the  field  work  was  com- 
pleted during  the  year.  In  the  2  years  of  operation,  the  test  vehicles  had 
li'aveled  17  million  miles.  Analysis  of  the  millions  of  bits  of  data  scientifically 
collected  was  underway. 

Administration 

Bertram  D.  Tallamy,  who  had  been  nominated  for  the  new'ly  created  position 
of  Federal  Highway  Administrator  shortly  after  the  accelerated  Federal-aid 
program  was  launched  in  1956  and  who  officially  assumed  that  position  on 
February  5,  1957,  resigned  on  January  19,  1961.  He  was  succeeded  as  Federal 
Highway  Administrator  by  Rex  M.  Whitton,  long-time  chief  engineer  of  the 
Missouri  State  Highway  Commission  and  past  president  of  the  American  Asso- 
ciation of  State  Highway  Oflicials.  who  took  office  on  Febniary  10,  1961. 

Ellis  L.  Armstrong,  w^ho  had  served  as  Commissioner  of  Public  Roads  since 
October  13,  1958,  also  resigned  on  January  19,  1961.  At  the  close  of  the  fiscal 
year  legislation  was  being  recommended  by  the  Department  of  Commerce  to  the 
Congress  to  abolish  the  position  of  Commissioner  and  to  create  in  its  stead  the 
position  of  Deputy  Highway  Administrator. 

Effort  continued  during  the  year  in  the  improvement  of  Public  Roads'  ad- 
ministrative and  financial  programs,  and  an  appraisal  of  manpower  needs  and 
utilization  was  begun.  Examination  of  Federal-aid  operations  was  conducted 
in  11  States,  and  a  number  of  investigations  were  made  into  allegations  of 
Irregularities  or  malpractices  in  the  highway  programs. 


Interchange  on  Interstate  Route  74  and  U.S.  45  at  the  outskirts  of 
Champaign-Urbana,   III. 


The  Special  Subcommittee  of  the  Public  Works  Committee  of  the  House  of 
Representatives,  headed  by  Congressman  Blatnik,  held  hearings  in  December 
1960  on  alleged  irregularities  in  the  highway  program  in  Florida  ;  in  particular, 
the  relationships  of  State  highway  department  employees  with  highway  con- 
tractors. Hearings  of  this  special  subcommittee  were  also  held  in  March  1961 
on  the  subject  of  disposal  of  right-of-way  improvements  and  in  June  1961  on 
the  highway  program  in  New  Mexico.  Public  Roads  provided  technical  assist- 
ance to  the  committee  on  these  and  other  matters. 

Development  of  the  Federal-Aid  Program 

For  those  unfamiliar  wuth  the  history  and  operation  of  the  Federal-aid  pro- 
gram, a  brief  account  follows. 

Federal  aid  to  the  States  for  highway  improvement  had  its  modest  beginning 
in  the  Federal-Aid  Road  Act  of  1916.  Through  the  years,  without  interruption 
except  in  World  War  II,  the  program  has  continued  to  grow  in  size  and  impor- 
tance commensurate  with  the  explosive  growth  of  motor-vehicle  transportation 
in  the  United  States.  For  almost  two  decades,  use  of  Federal  aid  was  restricted 
to  rural  portions  of  what  now  constitutes  the  Federal-aid  prinmry  highway 
system,  an  extensive  network  including  most  of  the  country's  main-traveled 
roads.  Since  1934  Federal  aid  has  also  been  extended  to  the  urban  portions  of 
this  system,  and  since  1944  to  a  Federal-aid  secondary  highway  system  of  farm- 
to-market  roads. 

In  1944  also,  the  National  System  of  Interstate  .and  Defense  Highways  was 
brought  into  being.  This  Interstate  System,  as  it  is  commonly  called,  is  limited 
to  41,000  miles  in  extent,  and  constitutes  the  most  important  portions  of  the 
Federal-aid  primary  system.  Federal-aid  funds,  however,  were  not  specifically 
authorized  for  the  Interstate  System,  or  were  provided  only  in  relatively  modest 
amounts,  until  1956. 

The  Federal-Aid  Highway  Act  of  1956,  augmented  by  the  Federal-Aid  Highway 
Acts  of  1958,  1959,  1960,  and  1961,  authorized  a  tremendously  enlarged  highway 
program  which,  in  its  entirety,  will  be  the  greatest  peacetime  construction  pro- 
gram in  history.  While  extending  at  an  increased  rate  the  traditional  aid  for 
primary,  secondary,  and  urban  highway  improvements,  the  1956  act  authorized 
Federal  aid  over  an  extended  period  for  completion  of  the  Interstate  System.  The 
1956  act  also  established  a  Federal  highway  trust  fund  to  receive  Federal  high- 
way-user excise  taxes  and  from  which  funds  for  Federal  highway  aid  are 
disbursed. 

The  Federal-aid  authorizations  are  made  in  four  categories :  For  the  Interstate 
System,  and  for  primary,  secondary,  and  urban  highways — the  latter  group  are 
often  referred  to  as  the  ABC  program.  Authorizations  of  Federal  aid  for  the 
Interstate  System  total  $37  billion,  spread  over  the  15  fiscal  years  1957-71. 
Authorizations  for  the  ABC  program,  usually  made  biennially,  have  risen  $25 
million  annually  in  recent  years,  from  $825  million  for  fiscal  year  1957  to  $925 
million  in  1962.  Federal-aid  funds  for  the  ABC  program  are  apportioned  among 
the  States  according  to  formulas  prescribed  by  law,  taking  into  account  popula- 
tion, area,  and  postal  route  mileage.  Interstate  funds  are  apportioned  among 
the  States  on  the  basis  of  need,  to  insure  simultaneous  completion  of  the  system 
in  all  States. 

Interstate  funds  are  matched  by  the  States  on  a  90-percent  Federal,  10-percent 
State  basis;  the  ABO  funds  are  matched  50-50.  States  with  large  areas  of 
public  lands  match  on  a  proportionately  reduced  scale.  Federal  aid  may  be  used 
only  for  highway  improvements,  not  for  maintenance.  The  program  is  a  coopera- 
tive enterprise  in  which  the  States  have  the  initiative  and  responsibility  for  the 
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selection,  design,  and  construction  of  the  Federal-aid  projects,  subject  to  review 
and  approval  of  each  stage  by  the  Bureau  of  Public  Roads. 

As  of  December  31,  1960,  the  Federal-aid  primary  system  totaled  265,477  miles 
in  extent,  including  the  Interstate  System.  There  were  601,364  miles  in  the 
Federal-aid  secondary  system.  The  urban  portions  of  the  primary  and  secondary 
systems  totaled  38,298  miles. 

New  Federal-Aid  Legislation 

Early  in  January  1961  the  Bureau  of  Public  Roads  completed  the  highway 
cost  allocation  study  and  the  1961  estimate  of  the  cost  of  completing  the  Interstate 
System,  both  of  which  had  been  requested  by  the  Congress.  Reports  on  both 
were  submitted  to  the  Congress  by  the  Secretary  of  Commerce.  The  studies  are 
described  in  another  section  of  this  report. 

On  February  28,  1961,  the  President  issued  a  special  message  to  the  Congress 
on  highways,  including  a  plan  for  tax  revisions  to  provide  needed  additional 
financing.  Early  in  March  1961,  the  Ways  and  Means  Committee  of  the  House 
of  Representatives  held  hearings  on  the  subject  of  highway  financing.  These 
hearings  were  followed  closely  by  hearings  held  by  the  House  Public  Worlis 
Committee  on  a  bill  to  provide  increased  authorizations  for  the  Interstate 
System,  as  recommended  by  tlie  I'resident,  and  by  hearings  held  by  the  Senate 
Public  Works  Committee  on  the  progress  of  the  highway  program.  After  passage 
of  the  highway  bill  bj'  the  House,  the  Senate  Finance  Committee  heard  extensive 
testimony  from  Government  officials  and  private  groups  early  in  June  1961.  The 
I'esult  of  these  actions  was  passage  of  the  Federal-Aid  Highway  Act  of  1961. 

Tlie   Federal-Aid  Highway  Act  of   1961 

The  Federal-Aid  Highway  Act  of  1961  was  enacted  by  the  Congress  and 
approved  by  the  President  on  June  29,  1961.  It  assures  completion  of  the  Inter- 
state System  by  1972,  on  schedule,  through  increased  annual  authorizations  and 
additional  financing  necessary  to  support  them,  amounting  to  about  $111/^  billion. 

Under  the  Federal-Aid  Highway  Act  of  1956,  as  amended  in  1958  and  1959 
(and  including  a  small  balance  of  previously  authorized  funds),  $11,715  billion 
of  Federal  funds  had  already  been  apportioned  among  the  States  for  the  Inter- 
state System,  for  the  fiscal  years  1957-62.  The  1961  Act  revised  the  schedule  of 
Interstate  authorizations  for  the  future  to  provide  the  following:  $2.4  billion  for 
fiscal  year  19(i3,  $2.6  billion  for  1964,  .$2.7  billion  for  1965,  $2.8  billion  for  1966, 
$2.9  billion  for  1967,  $3.0  billion  for  each  of  the  fiscal  years  1968,  1969,  and  1970, 
and  $2,885  billion  for  1971. 

The  total  of  Federal  funds  thus  already  apportioned  and  now  authorized  for 
the  future  is  ,$37  billion,  an  increase  of  $11. .56  billion  over  the  total  previously 
provided  for  by  the  1956  Act  as  amended  in  1958  and  1959. 

The  1961  Act  formally  approved  the  new  estimate  of  tlie  cost  of  completing 
the  Interstate  System  as  the  basis  for  apportioning  among  the  States  the  Inter- 
state funds  authorized  for  the  fiscal  years  1963-66.  The  estimate  report  indi- 
cated the  total  cost  for  the  41,000  miles  of  the  System  as  $41  billion,  of  which 
the  90-perceut  Federal  share  is  $37  billion. 

To  provide  the  needed  Federal-aid  financing  over  the  next  decade,  the  1961 
Act  revised  the  existing  schedule  of  Federal  highway-user  excise  taxes  dedicated 
to  the  Highway  Trust  Fund.  The  motor-fuel  tax  rate  was  continued  at  4  cents 
per  gallon  until  October  1,  1972.  For  the  same  period,  the  tax  per  po\ind  was 
increased  on  highway  vehicle  tires  from  8  to  10  cents,  on  inner  tubes  from  9  to 
10  cents,  and  on  retread  ru])l)er  from  3  to  5  cents.  The  use  tax  on  heavy  A'e- 
hicles,  those  over  26,000  pounds  gross  weight,  was  increased  from  $1.50  to  $3.00 


This  6-lane  elevated  expressway  is  under  construction  in  Baton  Rouge,  La.,  as 
part  of  Interstate  Route  410. 


per  1,000  pounds  per  year.  In  addition,  the  1961  Act  provided  tliat,  beginning 
July  1,  1902,  and  continuing  to  October  1,  1972,  all  of  the  10-percent  excise  tax 
on  the  manufacturer's  sales  price  of  new  trucks,  buses,  and  trailers  is  to  go  to 
the  Highway  Trust  Fund.  Under  the  1956  Act,  only  one-half  of  this  tax  had  been 
dedicated  to  the  trust  fund.  (The  provision  of  the  1959  Act  that  part  of  the 
excise  taxes  on  new  automobiles  and  parts  and  accessories  be  dedicated  to  the 
trust  fund  for  3  years  was  repealed  by  the  1961  Act. ) 

Other  provisions  of  the  1961  Act  included  an  amendment  to  section  111  of 
Title  23,  United  States  Code,  expanding  the  uses  to  which  the  airspace  above  and 
below  the  Interstate  System  may  be  put.  The  1961  Act  also  extended  for  2  years 
the  time  in  which  States  may  enter  into  agreements  with  the  Secretary  of  Com- ' 
merce  for  the  control  of  advertising  on  the  Interstate  System.  Under  the  law  as ' 
now  amended,  a  State  must  enter  into  an  agreement  regarding  the  control  of 
advertising  along  the  Interstate  System  before  June  30,  1963,  in  order  to  take 
advantage  of  the  incentive  payments  or  "bonus"  provisions  of  law. 

Another  section  of  the  1961  Act  authorized  the  use,  under  specified  circum- 
stances, of  funds  appropriated  for  defense  access  roads  to  pay  the  cost  of 
damage  caused  to  highways  by  the  operation  of  vehicles  and  equipment  in  the 
construction  of  certain  military  installations. 

The  National  System  of  Interstate  and  Defense  Highways 


The  National  System  of  Interstate  and  I^efense  Highways  is  a  41,000-mile 
planned,  integrated  network  of  the  Nation's  most  heavily  traveled  routes,  link- 
ing the  country's  metropolitan  areas  and  industrial  centers,  serving  the  national 
defense,  and  connecting  with  routes  of  continental  importance  in  Canada  and 
Mexico.  Comprising  little  more  than  1  percent  of  the  total  U.S.  mileage,  the 
system  when  completed  in  1972  will  carry  over  20  percent  of  the  Nation's  traffic. 


Status  at  end  of  year 

The  concentrated  efforts  of  the  State  highway  departments,  Public  Roads, 
and  the  contractor,  materials,  and  etiuipment  industries  were  reflected  in  the 
outstanding  progress  made  during  the  5  years  of  the  Interstate  program's 
existence.  At  the  end  of  the  fiscal  year,  10,825  miles  of  the  Interstate  System 
were  open  to  traffic,   and  construction  was  underway  on  another  4,847  miles. 

Of  the  sections  open  to  use,  5,550  miles  were  completed  to  standards  adequate 
for  1975  traffic,  the  program's  objective;  and  3,005  miles  were  improved  to  full 
capability  for  handling  current  traffic  but  needed  additional  improvement  to 
bring  them  up  to  the  standards  for  1975.  These  accomplishments  had  been 
achieved  with  Federal-aid  and  other  public  funds. 

In  addition,  2,270  miles  of  toll  roads,  bridges,  and  tunnels  had  been  incor- 
porated in  the  System.  Their  inclusion  is  permitted  by  law,  but  Federal-aid 
funds  may  not  be  used  for  their  improvement,  and  they  continue  to  operate  as 
toll  facilities. 

More  than  half  of  the  mileage  open  to  traffic.  6,268  miles,  had  been  built  or 
improved  under  the  Federal-aid  Interstate  program,  most  of  it  under  the  90- 
percent  Federal,  10-percent  State  sharing  program  launched  in  1956.  Work 
on  the  remaining  2,287  miles  (other  than  toll  facilities)  was  financed  by  the 
States  and  localities,  mostly  before  1956,  under  other  programs — in  many  cases 
with  Federal  aid. 

In  addition  to  the  sections  open  to  traffic,  4,847  miles  were  under  construction 
with  Federal-aid  Interstate  funds  at  the  end  of  the  fiscal  year,  and  engineering 
or  right-of-way  acquisition  was  in  proiiress  on  another  10,052  miles.  Thus 
some  form  of  work  was  completed  or  underway  on  25,724  miles  of  the  41,000-mile 
System — about  63  percent  of  the  total. 

The  status  of  improvement  of  the  Interstate  System  is  shown  in  summary  in 
the  table  on  this  page  and  by  States  in  appendix  table  11.  A  map  showing  the 
general  location   of  sections  completed   or  underway  api)ears  on   pages   54-55. 


Status  of  improvement   of  the  Interstate 

System  as 

of  June  30,  1961 

Improvcmonts 

Financing  with — 

Total 

Interstate 
funds ' 

Other  pub- 
lic funds  2 

Improved  and  open  to  trallie: 

Miles 
4,989 

1.279 

Miles 

561 

1,726 

Miles 

5,550 

3,005 
2,270 

Improved  to  standards  adequate  for  present  traffic 
but  additional  improvement  needed  to  meet  full 
standards         .                               

Toll  facilities                            -           

6,268 
4,847 
10, 052 
14,  899 

2,287 

3  10,  825 
4,847 
10, 052 
14, 899 

3  25,  724 

Improvements  underway  with  Interstate  funds: 

Preliminary  engineering  or  right-of-way  acquisition 
imderway 

1  Including  State  matching  funds. 
-  Including  some  Federal  aid. 
3  Including  toll  facilities. 


Development  of  the  system 


The  Interstate   System   was  created,   with  a  40,000-mile  limitation,   by  the 
Federal-Aid  Highway  Act  of  1944.     General  locations  of  37,700  miles  of  intercity 
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Interstate  Route  95,  north  of  Augusta,  Maine.  The  roadside  rest  area  on  one 
side  will  ultimately  be  shielded  from  traffic  by  recently  planted  trees.  The 
waste  dump  area  has  been  seeded  and  natural  growth  was  preserved  as  a 
screen. 


routes  were  officially  designated  in  1947,  and  2,300  miles  of  routes  around,  into, 
and  through  cities  were  designated  in  1955.  Taken  into  account  in  the  selections, 
made  cooperatively  by  the  States  and  Public  Roads,  were  the  basic  factors  of 
population  service,  transportation  requirements  of  industry,  commerce,  and 
agriculture,  system  integration,  and  needs  of  national  defense. 

The  Federal-Aid  Highway  Act  of  1956  provided  a  1,000-mile  increase  in  the 
limitation  of  the  Interstate  System ;  and  about  that  time  it  became  evident,  as 
the  States  selected  detailed  locations  for  the  routes  of  the  originally  designated 
40,000  miles,  that  considerable  mileage  saving  had  resulted  from  adoption  of 
alinements  more  direct  than  those  of  existing  highways.  As  a  consequence, 
2,100  miles  of  additional  routes  were  designated  in  1957  within  the  41,000-mile 
limit. 

At  the  end  of  the  fiscal  year  the  designated  Interstate  System  totaled  40,617 
miles  of  which  35,505  were  rural  and  5,112  were  urban.  The  remaining  883  miles 
w'ithin  the  41,000-mile  limitation  were  held  in  reserve  for  adjustments  as  final 
locations  are  selected  and  projects  built.  The  States  continued  economic  and 
engineering  studies  to  determine  the  most  feasible  locations  for  the  Interstate 
route  sections,  both  for  the  immediate  woi'k  of  right-of-way  acquisition  and 
construction  and  for  the  revised  estimate  of  the  cost  of  completing  the  system, 
which  was  underway.  At  the  end  of  the  year  definite  or  feasible  locations  had 
been  selected  by  the  States  and  approved  by  Public  Roads  for  all  routes. 

Until  1956,  only  limited  amounts  of  Federal-aid  funds  were  specifically  author- 
ized  by   Congress   for   Interstate    System   improvement,    although    Federal-aid 


On  Interstate  Route  89  in  Hopkinton,  I\.H.,  independent  roadway  design  pro- 
vides a  high  degree  of  safety  and  eliminates  headlight  glare  at  night.  One 
roadway  lies  atop  a  ridge  while  the  other  is  downhill  and  across  a  swale. 


primary  aud  urban  funds  could  be  and  were  used  to  a  considerable  extent  for 
that  purpose.  The  picture  changed  radically  when  the  1956  Act  authorized 
almost  $25  billion  of  Federal-aid  funds  over  the  13-year  period  1957-69  for 
completion  of  the  Interstate  System,  to  be  matched  on  a  90-percent  Federal, 
10-percent  State  basis.  A  much  more  detailed  estimate  of  the  cost  of  completing 
the  System  made  in  195S,  and  confirmed  by  the  1961  estimate  (described  else- 
where in  this  report),  showed  that  the  total  amount  of  Federal  funds  needed 
would  be  .$.H7  billion.  The  Federal-Aid  Highway  Act  of  1901  (also  described 
elsewhere  in  this  report)  has  provided  the  necessary  increased  authorizations 
and  revenue. 

Federal-aid  authorizations  for  the  Interstate  System  totaling  $9.2  billion,  for 
the  fiscal  years  1957-61,  had  been  apportioned  to  the  States  prior  to  the  fiscal 
year.  The  $2.2  billion  of  Interstate  funds  authorized  for  fiscal  year  1962  was 
apportioned  to  the  States  on  July  22,  1960. 

Progress  during  the  year 

The  details  of  route  selection,  making  of  surveys  and  plans,  acquiisition  of 
right-of-way,  and  construction  of  projects  of  the  magnitude  and  complexity  in- 
volved in  the  Interstate  System  often  take  3  or  4  years  from  conception  to 
completion.  Many  route  sections  are  being  built  in  stages,  with  an  initial 
project  for  grading  and  drainage  and  a  subsecpient  project  for  paving.  Some 
existing  highways  are  improved  and  augmented  to  attain  Interstate  standards ; 
for  example,  by  acquisition  of  access  control,  or  by  adding  another  roadway 
to  a  two-lane  road,  to  make  a  four-lane  divided  freeway. 

Much  was  accomplished  in  the  Interstate  System  program  during  the  fiscal 
year.  The  mileage  of  the  System  completed  to  full  standards  was  increased 
by  1,857  miles.  The  mileage  actually  in  use  (fully  or  partially  improved)  ro.se 
from  9,107  miles  at  the  beginning  of  the  year  to  10,.S25  miles  at  the  clo.se,  an 
increase  of  19  percent. 

Improvements  were  programed  during  the  year  on  3.420  miles,  with  an  es- 
timated cost  of  $2.84  billion  including  $2.41  billion  of  Federal-aid  Interstate 
funds. 
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Improvements  involving  Federal-aid  Interstate  funds  were  completed  during 
the  fiscal  year  on  3,017  miles  of  the  Interstate  System  at  a  total  cost  of  $1.88 
billion,  of  w^hich  $1.61  billion  was  the  Federal  share.  Completed  work  included 
1,945  miles  of  bituminous  and  Portland  cement  concrete  surfacing,  1,025 
miles  of  grading,  drainage  work,  and  temporary  surfacing,  and  47  miles  of 
structures  involving  712  bridges  over  streams,  1,701  bridges  over  highways  to 
provide  trafiic  grade  separations,  and  155  railway-highway  grade-separation 
structures. 

At  the  end  of  the  year  a  total  of  $1,022  million  worth  of  work  was  in  pro- 
gram status,  and  4,989  projects  with  a  total  estimated  cost  of  $6.0  billion  were 
underway  or  scheduled  to  start  soon. 

Excluding  projects  that  have  only  been  programed,  a  total  of  $10.9  billion 
had  been  obligated  for  the  Interstate  System  at  the  end  of  the  fiscal  year,  of 
which  6  percent  was  for  preliminary  engineering,  24  percent  for  right-of-way 
acquisition,  and  70  percent  for  construction.  At  the  end  of  the  previous  year 
$8.4  billion  had  been  obligated,  of  which  69  percent  was  for  construction. 

Interstate  System  Progress:   Case  Histories 

Impressive  progress  is  shown  by  the  statistics  on  the  development  of  the 
Interstate  System  during  the  5  years  since  the  accelerated  program  was 
launched  in  1956.  Far  more  impressive  to  the  average  motorist  or  trucker, 
however,  were  the  many  completed  sections  open  to  their  use,  ranging  from 
a  few  miles  to  several  hundred  miles  in  length.  The  red-white-and-blue  Inter- 
state route  marker  was  increasingly  recognized  as  a  beacon  signaling  swift,  safe, 
tension-free  driving.  Travelers  noted,  too,  the  promise  of  the  future  in  the 
big  construction  jobs  they  saw  underway,  although  sometimes  their  patience 
was  tried  by  detours  or  delays  at  construction  operations.  But  the  individual 
driver  was  apt  to  know  only  of  Interstate  progress  in  his  own  locale  or  along 
the  I'oute  of  his  last  vacation  trip.  A  nationwide,  close-up  picture  of  progress 
may  be  gained,  perhaps,  by  glimpses  of  typical  Interstate  projects  across  the 
land,  completed  or  underway  during  the  fiscal  year.  (I-  is  used  to  designate 
the  term  Interstate  Route,  with  the  appropriate  number.) 

Alahama. — A  46-mile  section  of  1-65  was  completed  during  the  year,  extend- 
ing from  20  miles  north  of  Montgomery  to  20  miles  south  of  Birmingham.  The 
new  route  bypasses  six  small  communities  where  traffic  on  the  old  highway  was 
badly  congested. 

Arizona. — Six  miles  of  the  Phoenix  Freeway  were  completed  during  the  year 
and  3  miles  were  under  construction.  This  6-lane,  depressed  freeway  is  a  major 
element  in  the  Phoenix  City  and  Maricopa  County  plan  and  is  a  part  of  1-17, 
the  north-south  connector  in  Arizona  between  the  cross-country  routes  I-IO 
and  1-40. 

Arkansas. — A  new  bridge  carrying  1-30  across  the  Arkansas  River  was  opened 
to  traffic  near  the  close  of  the  year.  The  $7.3-million  structure  is  the  first 
phase  of  a  planned  6-lane  urban  freeway  in  Little  Rock  and  North  Little  Rock. 
The  two  old  bridges  between  these  cities  were  the  worst  bottlenecks  in  the 
State,  adversely  affecting  traffic  for  15  blocks  on  both  sides  of  the  river. 

California. — A  3.4-nule  section  of  1-5  was  completed  near  famous  Mt.  Shasta. 
The  project  bypasses  Dunsmuir,  reducing  traffic  congestion  there.  The  old 
road,  with  its  sharp  turns  and  steep  grades,  was  always  a  traffic  hazard.  The 
new  4-lane  freeway  with  a  16-foot  median  has  a  maximum  overall  grade  of 
only  2  percent. 

Colorado. — Completion  of  twin  tunnels  near  Idaho  Springs  provided  another 
link  in  1-70  through  the  Rocky  Mountains  west  from  Denver  into  Utah.    Tli© 
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Travelers  on  Interstate  Route  35  in  Oklahoma  should  have  no  trouble  finding 
their  way,  with  signs  such  as  these. 


695-foot  long  tunnels,  each  with  two  12-foot  driving  lanes  and  16-foot  overhead 
clearance,  cost  $1.1  million.  The  old  route  was  narrow  and  winding,  with  icy 
northern  exposures.  Over  5,400  vehicles  a  day  were  using  the  straight,  easy- 
to-drive  route  through  the  new  tunnels. 

Connecticut. — The  three-level  interchange  between  1-84  and  I-Ol  in  Hartford 
was  nearing  completion  at  the  end  of  the  year.  Construction  of  the  $6.1-uiillion 
project,  on  the  bank  of  the  Connecticut  River  and  adjacent  to  a  railroad  line, 
was  complicated  by  the  necessity  for  handling  local  and  through  traffic  exceed- 
ing 40,000  vehicles  a  day ;  nevertheless,  work  was  12  months  ahead  of  schedule. 
An  oddity  of  the  interchange  is  that  one  leg  connects  to  a  river  bridge  built  in 
1908  while  another  leg  leads  to  a  bridge  built  in  1957. 

District  of  Columbia. — A  1.7-mile  section  of  the  Anacostia  Freeway,  1-295, 
was  nearing  completion.  This  .$3.3-niillion  project  connects  with  the  new  Wood- 
row  Wilson  Bridge  spanning  the  Potomac  River  south  of  Washington,  D.C.  The 
route  will  serve  as  an   important  bypass  of  downtown  Washington. 

Florida. — Seven  projects  covering  a  27-mile  section  of  I-IO  were  about  to  be 
opened  to  traffic  at  the  close  of  the  year,  in  and  west  of  Orlando.  The  remaining 
50  miles  of  this  route  to  Tampa  were  under  construction  and  scheduled  for 
completion  in  September  1961.  Traffic  of  nearly  31,000  vehicles  per  day  is  ex- 
pected by  1975. 

Georgia. — A  vital  2-mile,  S-lane  link  in  1-75  and  1-8.3,  including  an  inter- 
change with  1-20,  was  under  construction  in  Atlanta.  The  two  routes  combine 
in  looping  around  the  east  side  of  Atlanta's  central  business  district.  The  com- 
pleted 6-lane  section  south  of  this  area  was  carrying  78,000  vehicles  per  day. 

Hawaii. — One  of  the  newly  designated  Interstate  routes  is  the  Likelike  High- 
way crossing  tlie  mountains  from  Honolulu  to  Koneohe.  A  5.8-mile  section  of 
the  route,  completed  with  Federal-aid  funds  during  the  year,  includes  twin  2,775- 
foot  tunnels. 

Idaho. — 16-mile  section  of  1-15  between  Pocatello  and  Blackfoot  was  nearly 
completed.     The  cost  of  the  4-lane  divided  highway  was  $350,000  per  mile. 

Illinois. — A  31-mile  stretch  of  1-74  between  Champaign  and  Danville,  includ- 
ing 5  miles  in  the  Champaign-Urbana  urban  area,  was  completed  early  in  the 
year  at  a  cost  of  $24.7  million.  The  old  route  which  it  parallels,  U.S.  150,  was 
scheduled  for  widening  and  resurfacing  but  traffic  dr()i)ped  from  4.000  to  1,000 
veliicles  per  day  after  1-74  opened,  and  general  improvement  of  U.S.  150  is  no 
longer  considered  necessary.     1-75  was  already  carrying  up  to  6.000  vehicles 


12 


Residential   and   commercial   developments   benefit   from  service  provided  by- 
Interstate  Route  5   between  Albany  and  Eugene,   Oreg. 


daily  in  rural  areas  and  9,000  in  the  urban  area,  at  an  average  speed  of  60 
miles  per  hour  as  contrasted  with  less  than  40  on  the  old  route.  Heavy  intra- 
urban traffic  between  Urbana  and  Champaign  had  developed,  even  though  trip 
distances  were  sometimes  greater  than  on  city  streets.  At  a  conservative  esti- 
mate of  15  cents  saving  per  trip  on  this  route,  direct  road-user  benefits  amount 
to  $325,000  per  year.  Extensive  residential,  commercial,  and  industrial  growth 
was  noted  along  the  route  within  the  influence  of  the  urban  areas,  and  land 
values  increased  sharply. 

Indiana. — ^Work  was  underway  on  1-465,  the  circumferential  highway  around 
Indianapolis,  and  the  seven  Interstate  routes  radiating  outward  from  it.  The 
interchange  between  1-74  and  1-465  was  completed  during  the  year  and  con- 
struction was  in  progress  on  adjacent  projects  totaling  15  miles  in  length. 

Iowa. — A  7o-mile  continuous  section  of  1-35  and  1-80  from  Osceola  north  to 
Des  Moines  and  east  to  Newton  was  completed  at  a  total  cost  of  $47  million.  The 
bypass  of  Des  Moines  is  a  great  timesaver  to  the  heavy  interstate  truck  traffic 
across  central  Iowa,  and  relieves  congestion  in  the  northern  part  of  the  city. 
Savings  to  traffic  on  the  new  73-mile  route,  as  compared  with  the  old  routes,  is 
estimated  at  $3.5  million  annually,  enough  to  pay  for  the  building  cost  in  13 
years.  The  new  route  is  also  generating  land  development  near  the  interchanges, 
particularly  in  the  Des  Moines  area. 

Kansas. — The  Southwest  Topeka  Bypass  was  about  to  be  completed  at  the 
close  of  the  year.  This  6.7-mile  freeway,  costing  $6.8  million,  and  a  4.3-mile 
portion  of  the  Kansas  Turnpike  form  1-470  circumscribing  Topeka  on  the  south. 
Travelers  using  the  Southwest  Bypass  averaged  60  miles  per  hour  and  saved 
16  minutes  in  time  and  4.2  miles  in  distance  as  compared  with  the  former  route 
on  city  streets.  The  Bypass  had  become  an  important  local  traffic  distributor 
and  had  generated  residential  development  along  its  course.  1-70,  passing 
through  Topeka  to  complete  the  city  circumferential,  was  completed  to  Inter- 
state standards  for  159  miles  westward  from  Kansas  City  to  near  Abilene  except 
for  a  38-mile  section  which  has  controlled  access  but  only  2  lanes. 

Kentucky. — A  4.3-mile  section  of  1-65  in  Louisville  was  opened  to  traffic  dur- 
ing the  year.  The  4-  and  6-lane  freeway  carries  traffic  at  50  miles  an  hour 
through  a  congested  area  to  the  edge  of  the  central  business  district.     1-65, 


619792—^62- 


13 


which  includes  the  Kentucky  Turnpike,  is  now  completed  southward  for  57 
miles.  A  1.4-mile  section  north  to  the  Indiana  State  line  was  under  construc- 
tion. The  4.3-mile  section  just  completed  cost  $22.6  million  and  included  several 
large  bridges.  Travel  time  for  residents  within  a  large  radius  has  been  reduced 
as  much  as  50  percent  in  peak  hours. 

Louisiana.- — A  5.4-mile  crossing  over  an  arm  of  Lake  Ponchartrain  was  being 
built  as  a  part  of  I-IO  at  a  cost  of  $15.6  million.  The  twin  3-lane  bridges  will 
greatly  reduce  traffic  congestion  in  and  out  of  New  Orleans,  20  miles  to  the  south- 
west. Except  for  the  main  channel  spans,  all  bridge  components  were  being 
precast  at  the  contractor's  plant  and  barged  24  miles  to  the  site.  These  included 
pretensioned  54-inch  diameter  piles  82  to  142  feet  long,  pile  caps,  and  pre- 
stressed  deck  girder  spans  cast  as  complete  units.  The  steel  spans  over  the 
channel  will  provide  150-foot  horizontal  and  65-foot  vertical  clearance  for 
shipping. 

Maine. — The  6-lane  Tukeys  Bridge  over  Back  Cove  in  Portland  was  completed 
as  part  of  1-295  during  the  year.  The  4-span  continuous  deck  girder  bridge, 
500  feet  long,  replaced  an  obsolete  swing  span  bridge  that  was  totally  inadequate 
for  current  traffic  of  33,000  vehicles  per  day.  Included  in  the  $3.0-million  project 
were  traffic  interchanges  at  both  ends  of  the  bridge  approaches.  An  8-mile 
section  of  Interstate  295  from  the  bridge  to  1-95  in  Falmouth  was  under  con- 
struction. 

Michigan. — A  25-mile  section  of  1-94  from  Ann  Arbor  to  Jackson,  opened 
to  traffic  during  the  year,  completed  the  cross-State  freeway  extending  203 
miles  west  from  downtown  Detroit  to  Lake  Michigan.  Some  150  miles  were 
built  under  the  Interstate  program  since  1956.  It  is  estimated  that  20  lives  will 
be  saved  annually  by  this  route,  on  which  traffic  was  already  37  percent  greater 
than  on  the  obsolete,  winding  2-lane  route  which  it  replaces. 

Minnesota. — A  5.3-mile  section  of  1-35  from  the  suburbs  north  of  St.  Paul 
to  the  edge  of  the  downtown  area  was  scheduled  for  completion  in  the  fall  of 
1961.  The  4-lane  depressed  freeway,  tapping  the  "bedroom  suburbs"  and  pro- 
viding easy  access  for  shopping  and  commuting  to  downtown  St.  Paul,  is  ex- 
pected to  carry  70,000  vehicles  per  day  by  1975,  relieving  congestion  on  local 
streets. 

Mississippi. — A  complex  interchange  on  1-55  was  imder  construction  in  Jack- 
son. This  4-lane,  divided  highway,  built  prior  to  the  Interstate  program,  has 
since  been  converted  to  full  control  of  access  with  Interstate  Federal  aid. 

Missouri. — A  21-mile  section  of  4-lane  freeway  including  a  new  bridge  over 
the  Missouri  River  was  completed  during  the  year  on  1-70,  from  near  Columbia 
to  west  of  Booneville,  making  a  continuous  stretch  of  35  miles  open  to  traffic. 
The  $18-million  project  included  8  interchanges,  11  highway  and  2  railroad  grade 
separations,  and  frontage  roads  where  needed  for  local  traffic  movement.  The 
contractor's  men  put  in  1.1  million  man-hours  of  work  on  the  project.  In  addi- 
tion to  relieving  congestion  on  the  main  business  street  in  Booneville  and  across 
the  old  narrow  Missouri  River  bridge,  the  new  route  is  1^2  miles  shorter  than 
the  old  one.  During  a  8-month  period  there  were  9  accidents  involving  9  in- 
juries on  the  new  route,  as  compared  with  the  old  route's  record  of  40  accidents 
Involving  33  injuries  and  1  fatality  during  a  like  period  in  the  previous  year. 

Nevada. — A  9.8-mile  section  of  1-15  was  completed  south  of  Las  Vegas  at  a 
cost  of  $2.1  million.  This,  together  with  construction  underway  on  an  adjacent 
project  and  previously  built  sections,  will  provide  a  4-lane  freeway  from  the 
California  State  line  to  McCarran  Air  Field  near  the  south  city  limits  of  Las 
Vegas. 

JSfeio  Hampshire. — A  13.7-mile  portion  of  1-89  running  northwest  from  Con- 
cord was  completed  during  the  year.    The  $7.1-million  freeway  was  designed  as 
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Interstate  Route  40  near  Kingston,  Tenn.     Nearby  is  the  TV  A  Kingston  steam 
plant,  largest  in  the  world. 


two  independeut  roadways,  with  natural  forest  growth  left  undisturbed  in- 
between.  The  route,  which  eventually  will  cross  Vermont  and  connect  with  a 
road  to  Montreal,  serves  the  summer  and  winter  recreation  area  at  Lake  Sunapee 
near  Concord. 

New  Jersey. — A  3.7-mile  section  was  completed  at  a  cost  of  $7.0  million  on  1-80 
near  Dover,  In  this  short  stretch  of  6-lane  freeway,  structures  were  required 
at  5  crossroads,  2  railroads,  and  a  river. 

New  Mexico. — "Work  was  completed  on  a  3.9-mile  section  of  1-40  running  west 
from  the  east  urban  limits  of  Albuquerque.  Opening  of  this  4-lane  freeway  will 
greatly  relieve  the  traffic  congestion  on  U.S.  66,  which  runs  through  the  down- 
town business  section. 

New  York. — Ten  miles  of  1-87  near  Glens  Falls  were  opened  to  traffic  during 
the  year.  The  4-lane  freeway  has  a  60-foot  minimum  width  median  to  allow 
for  additional  lanes  when  increased  traffic  requires  them.  The  $9.5-million 
project  included  twin  3-lane  bridges  734  feet  long  across  the  Hudson  River.  The 
new  section,  bypassing  Glens  Falls,  has  greatly  relieved  congestion  on  U.S.  9, 
the  city's  main  street.  Portions  of  1-87  previously  completed  include  a  9-mile 
bypass  of  Plattsburgh  and  a  15-mile  bypass  of  Albany. 

North  Carolina.- — A  34-mile  section  of  1^0  between  Hildebran  and  Marion  was 
completed  during  the  year  at  a  cost  of  $15.5  million.  Secretary  of  Commerce 
Luther  H.  Hodges,  former  Governor  of  the  State,  formally  opened  the  4-lane 
divided  freeway  during  National  Highway  Week. 

North  Dakota. — A  portion  of  1-94  was  opened  to  traffic  from  Casselton  to  the 
Red  River  bridge  at  the  Minnesota  State  line.  The  19-mile  project  is  adjoined 
to  the  west  by  36  miles  of  work  under  construction.  When  completed  next  year 
this  will  provide  a  143-mile  stretch  of  freeway  west  from  the  Minnesota  border. 
The  project  completed  during  the  year  bypasses  Fargo  and  will  greatly  improve 
driving  conditions  in  this  area. 

Ohio. — Construction  underway  during  the  year  will,  when  completed,  provide 
85  miles  of  continuous  freeway  on  1-75  between  Dayton  and  Lima.  Some  68  miles 
of  this   distance  were   completed   generally  to   full   Interstate  standards  with 
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This  completed  section  of  Interstate  Route  25  through  Casper,  Wyo.,  parallels 
the  railroad,  leaving  room  for  industrial  development  between. 


Interstate  Federal  aid  at  a  cost  of  $60  million.  Considerable  relief  has  been 
afforded  to  U.S.  25,  formerly  the  main  route  between  Cincinnati  and  Toledo. 

Oklahoma. — A  45-mile  section  of  1-35  was  completed,  beginning  15  miles  north 
of  Oklahoma  City  and  extending  north  to  Perry.  Twin  bridges  included  in  the 
construction  span  the  Cimmaron  River. 

Oregon. — Another  section  of  1-5  was  opened  to  traffic  near  the  end  of  the 
year,  substantially  completing  the  109  miles  of  4-lane  highway  from  the  Port- 
land city  limits  to  Eugene.  Driving  time  over  this  distance  was  reduced  to  1 
hour  and  40  minutes,  42  percent  less  than  on  the  old  route.  The  42-mile  Albany- 
Eugene  section  cost  $23.9  million,  including  a  $2  million  bridge  over  the  Wil- 
lamette River.  Completion  of  the  structure  will  permit  through  traffic  to  bypass 
Eugene  and  save  even  more  travel  time. 

Penmsylvania. — A  7.2-mile  section  on  1-70  south  of  the  Breezewood  interchange 
of  the  Pennsylvania  Turnpike  was  completed  during  the  year.  The  existing  2- 
lane  highway,  constructed  less  than  10  years  earlier,  was  used  as  one  roadway 
of  the  new  divided  freeway.  The  two  roadways  were  independently  located  and 
were  notched  into  the  steep  hillsides. 

South  Carolina. — The  98  miles  of  1-26  between  Clinton  and  Orangeburg  were 
opened  to  traffic  during  the  year.  Coupled  with  new  Federal-aid  improvements 
on  U.S.  276,  travelers  between  Columbia  and  Greenville  can  ride  on  101  miles  of 
freeway,  saving  5  miles  in  distance  and  80  minutes  in  time. 

South  Dakota. — A  19.6-mile  section  of  1-29  lying  between  Sioux  Falls  and 
Sioux  City,  Iowa,  was  completed  during  the  year  at  a  cost  of  $9.3  million.  The  4- 
lane  freeway  replaces  an  old  road  with  narrow  pavement  and  right-of-way 
widths. 

Tennessee. — Work  was  nearing  completion  on  a  35-mile  section  of  1-40  from 
Knoxville  to  the  Clinch  River,  including  a  long  bridge  there.  The  new  route  is 
4  miles  shorter  than  the  old  one. 
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Texas. — A  4.1-mile  section  of  1-35  costing  $3.2  million  was  completed  north  of 
Austin.  Tlie  new  freeway  skirts  Round  Rock,  taking  through  traffic  ofC  the  main 
street. 

Utah. — In  the  southwest  corner  of  the  State,  5.4  miles  of  freeway  were  being 
constructed  adjacent  to  previously  built  sections  of  1-15.  Completion  of  the 
project  in  the  fall  of  1961  will  open  a  22-mile  stretch  of  1-15  to  traffic  in  Wash- 
ington County. 

Yermont. — Construction  was  nearing  completion  on  7.4  miles  of  1-89  in  the 
Winooski  River  valley  between  Waterbury  and  Bolton.  The  $8.7-million  free- 
way project  involved  construction  of  10  bridges  and  heavy  excavation  through 
ledge  rock. 

Virginia. — A  7.4-mile  section  of  1-81  was  opened  to  traffic  during  the  year  in 
the  southwestern  part  of  the  State,  bypassing  Pulaski.  Further  construction 
was  underway  at  both  ends  of  the  completed  section. 

Washington. — A  5.2-mile  portion  of  1-4  in  Bellingham  was  opened  to  traffic 
during  the  year.  The  $5.2  million  freeway  removes  through  traffic  from  the 
city's  streets,  yet  provides  excellent  access  to  the  city. 

West  Virginia. — Construction  on  18  miles  of  1-77  was  nearing  completion 
north  of  Charleston.  Design  was  underway  for  an  adjacent  14-mile  section, 
and  11  miles  of  the  route  were  under  construction  further  north.  The  old,  wind- 
ing 18-foot  wide  route  carried  up  to  4,200  vehicles  daily,  often  at  speeds  of  only 
25  miles  per  hour.  Travel  on  the  new  route  will  be  twice  as  fast  and  the  acci- 
dent rate  will  be  cut  in  half. 

Wisconsin. — A  55-mile  section  of  1-90  between  Madison  and  the  Wisconsin 
Dells  resort  area  was  almost  ready  for  traffic  use  at  the  close  of  the  year.  The 
$34  million  project  included  twin  bridges  across  the  Wisconsin  River  costing  $2 
million.  In  addition  to  serving  an  agricultural  area  and  a  large  volimie  of  tour- 
ist traffic,  the  freeway  provides  a  nmch  better  and  shorter  truck  route  between 
Chicago  and  Minneapolis-St.  Paul. 

Wyoming. — A  1.3-mile  section  of  1-25  through  Casper  was  completed  during 
the  year  at  a  cost  of  $959,000.  Service  roads  were  provided  on  both  sides  of  the 
4-lane  freeway  for  local  traffic  and  two  interchanges  provide  access  to  the  city. 

Federal-Aid  Improvement  of  Primary  Highways 

The  Federal-aid  primary  highway  system,  as  of  December  31,  1960,  covered 
265,477  miles  of  the  principal  highways  of  the  Nation  and  included  240,875  miles 
of  main  rural  roads  and  24,602  miles  in  urban  areas.  These  mileages  include 
the  Interstate  System  which  by  law  is  a  part  of  the  primary  system. 

Federal-aid  primary  fund  authorizations,  which  may  be  used  for  either  rural 
or  urban  portions  of  the  primary  system,  have  ranged  upward  in  recent  years 
from  $247.5  million  for  fiscal  year  1954  to  $416.25  million  for  fiscal  year  1962 
of  which  $312,187,500  was  apportioned  on  July  22,  1960,  and  the  remainder  on 
December  30,  1961. 

During  the  fiscal  year,  6,115  miles  of  improvements,  estimated  to  cost  over 
$869  million  and  involving  $463  million  of  Federal-aid  primary  funds,  were 
programed. 

Improvements  involving  Federal-aid  primary  funds  were  completed  during 
the  year  on  5,061  miles  of  the  Federal-aid  primary  system  at  a  total  cost  of 
$675  million  of  which  $351  million  was  Federal  aid.  The  projects  completed 
included  4,311  miles  of  bituminous  and  Portland  cement  concrete  surfacing,  864 
bridges  over  streams,  and  168  bridges  over  highways  to  provide  traffic  grade 
separations.  In  addition,  railway-highway  crossings  were  eliminated  by  con- 
struction   of   77    grade-separation    structures    and    8    existing   structures   were 
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This  Federul-uid  project  on  U.S.  95  alotij^  tlie  Salmon  River  near  Freedom, 
Idaho^  required  a  1,500- foot  relocation  of  the  river  channel  and  a  rock  cut 
400  feet  deep. 


I\ew  Jersey  has  eliminated  a  serious  bottleneck  by  vimstructioii  icith  Federal  aid 
of  this  interchange  in  New  Brunswick.  One  of  the  Staters  first  traffic  circles 
was  built  here  in  1932.  The  new  interchange  carries  4-lane  IS. J.  18  over 
6-lane  U.S.  1,  and  handles  over  70,000  vehicles  per  day.  The  New  Jersey 
Turnpike  crosses  the  top  of  the  picture. 
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An  11-mile  section  of  U.S.  52  near  Minot,  Dl.  Dak.,  has  been  relocated  with 
Federal  aid.  The  new  route,  with  better  width  and  alinement,  will  greatly 
increase  safety  and  reduced  travel  time.  These  pictures  show  typical  scenes 
on  the  old  and  new  roads. 

reconstructed;   108  grade  crossings   were  protected  by   installation   of   signal 
devices. 

An  increasing  proportion  of  the  Federal-aid  primary  system  was  being  built 
as  multilane,  divided  highways,  some  with  partial  or  full  control  of  access.  An 
example  is  State  Route  17  in  New  York  between  Harriman  and  Parksville,  which 
has  cut  driving  time  on  this  important  58-mile  dairy  supply  and  recreation  route 
out  of  New  York  City  to  less  than  half  and  relieved  congestion  in  the  towns 
along  it. 

Federal-Aid  Improvement  of   Urban  Highways 

Highways  in  urban  areas  eligible  for  improvement  with  Federal  aid  as  of 
December  31,  1960,  totaled  38,307  miles  of  which  24,602  were  on  the  Federal-aid 
primary  system  (including  the  Interstate  System)  and  13,705  on  the  Federal-aid 
secondary  highway  system. 

During  the  fiscal  year  almost  50  percent  of  all  work  programed  on  the  Inter- 
state System  was  for  improvement  in  urban  areas.  This  is  commensurate  with 
both  the  estimated  cost  of  improving  the  Interstate  System  and  of  travel  in  the 
United  States ;  in  both  cases  the  urban  proportion  being  nearly  half. 

Federal-aid  urban  fund  authorizations  have  increased  in  recent  years  from 
$137.5  million  for  fiscal  year  1954  to  $231.25  million  for  fiscal  year  1962  of  which 
$173,437,500  was  apportioned  on  July  22,  1960,  and  the  remainder  on  December 
30,  1960.  During  the  year,  in  addition  to  the  funds  approved  for  projects  from 
the  Federal-aid  urban  authorizations,  8  percent  of  all  primary  Federal-aid  high- 
way funds  were  approved  for  urban  highway  work. 

Plans  approved  for  Federal-aid  construction  projects  in  urban  areas  during  the 
past  fiscal  year  totaled  $1,843,120,661  and  covered  1,011  miles  of  highway  improve- 
ment. Of  this  total,  $1,318,055,112  was  Federal  aid,  comprised  of  $244,870,486 
from  the  urban  authorizations,  $33,244,088  from  the  primary  fund  authorizations, 
and  $1,031,566,229  from  Interstate  funds. 

Federal-aid  construction  work  in  urban  areas  completed  during  the  fiscal  year 
consisted  of  1,047  miles  of  highway  improvements  costing  $1,193.2  million  of 
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The  Roosevelt  Expressway  in  Philadelphia,  Pa.,  was  completed  with  Federal  aid 
during  the  year.  This  contr oiled-access  route  will  relieve  overcrowded  U.S.  1 
and  cut  travel  time  in  the  area  it  serves.  In  the  background  are  twin  2,000- 
foot-long  high-level  bridges  over  the  Schuylkill  River. 

which  $817.6  million  was  Federal  aid.  The  completed  work  included  859  miles 
of  bituminous  and  Portland  cement  concrete  surfacing,  307  bridges  over  streams 
and  rivers,  and  737  bridges  to  provide  traffic  grade  separations  between  crossing 
highways.  In  addition,  147  railway-highway  separation  structures  were  com- 
pleted and  7  existing  ones  were  reconstructed,  and  58  railroad  grade  crossings 
were  protected  by  installation  of  signal  devices. 

Secondary   or  Farni-to-Market  Roads 

The  Federal-aid  secondary  network  of  farm-to-market,  feeder,  schoolbus,  and 
mail-route  roads  is  the  largest  of  the  Federal-aid  highway  systems.  Its  length 
as  of  December  31,  1960,  was  601,364  miles,  including  13,705  miles  of  extensions 
into  or  through  urban  areas.  The  Federal-aid  authorizations  for  this  system 
have  increased  from  $165  million  for  fiscal  year  1954  to  $277.5  million  for  fiscal 
year  1962  of  which  $208,125,000  was  apportioned  on  July  22,  1960,  and  the 
remainder  on  December  30,  1960. 

During  the  fiscal  year,  a  total  of  13,793  miles  of  improvements,  estimated  to 
cost  over  $582  million  and  involving  $308  million  of  Federal-aid  secondary  funds, 
were  approved  on  the  secondary  system.  Improvements  were  completed  during 
the  year  on  13,578  miles  of  the  secondary  system  at  a  total  cost  of  $484.2  million, 
involving  $252.1  million  of  Federal-aid  secondary  funds.  Of  the  improvements 
completed,  9,119  miles  involved  bituminous  or  portland  cement  surfacing,  3,400 
miles  were  gravel  or  stone  surfaced,  and  1,006  miles  were  graded  and  drained 
preparatory  to  receiving  surfacing.  Also  completed  were  1,753  bridges  over 
streams  and  24  bridges  over  highways ;  40  new  railway-highway  grade  separa- 
tion structures  and  reconstruction  of  4  others ;  and  protection  of  246  other 
railway-highway  crossings  by  signal  devices. 

For  the  16  years  that  Federal  funds  for  the  secondary  program  have  been 
apportioned  to  the  States,  a  total  of  51,116  projects  involving  198,821  miles  of 
improvements  have  been  completed.  The  projects  have  been  widely  distributed 
each  year  through  an  average  of  2,000  counties,  with  an  average  of  about  3,200 
projects  being  completed  each  year. 
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Federal-aid  secondary  funds  built  this  continuous  beam  span  over  the  Blue 
Earth  River  near  Mankato,  Minn.,  replacing  the  80-year-old  truss  with  its 
narrow  plank  roadway. 

The  Federal-aid  secondary  program  differs  considerably  from  the  other  Fed- 
eral-aid highway  programs.  The  system  is  not  limited  in  length  by  Federal 
legislation,  the  only  limitations  being  that  mileage  which  can  be  properly  im- 
proved and  maintained.  The  routes  of  the  system  and  the  projects  to  be  con- 
structed are  selected  cooperatively  by  the  State  highway  departments  and  local 
highway  officials.  Another  difference  is  that  under  the  1954  Act  the  adminis- 
trative procedure  between  Public  Roads  and  the  States  in  carrying  on  the  sec- 
ondary program  has  been  simplified,  with  the  States  assuming  greater  responsi- 
bility. The  procedure  is  a  voluntary  one,  and  at  the  end  of  the  fiscal  year  all 
States  except  Alaska,  Hawaii,  Indiana,  and  the  District  of  Columbia  had  adopted 
it. 

The  Board  of  County  Consultants  met  with  Public  Roads  officials  in  Atlanta, 
Ga.,  in  September  1960.  The  nine-member  Board,  formed  to  promote  better 
mutual  understanding  on  the  Federal-aid  secondary  program  among  county 
engineers,  the  State  highway  departments,  and  the  Bureau  of  Public  Roads,  has 
given  effective  counsel  and  advice  in  administrative  problems  that  affect  the 
counties,  and  has  helped  to  disseminate  information  on  the  secondary  program 
to  local  road  officials. 

Special  Federal-Aid  Authorization 


The  Federal-Aid  Highway  Act  of  1958  provided  $400  million  (the  so-called 
D  funds)  in  addition  to  regular  ABC  fund  authorizations,  to  accelerate  the 
highway  program  and  stimulate  the  economy.  The  act  provided  that  the  D  funds 
should  be  matched  on  a  two-thirds  Federal,  one-third  State  basis.  To  aid  the 
States  in  meeting  up  to  two-thirds  of  their  matching  share,  $115  million  (so- 
called  L  funds)  were  also  authorized  as  an  advance.  Under  the  legislation,  such 
advances  requested  by  the  States  were  deducted  in  equal  installments  from 
their  individual  ABC  apportionments  for  the  fiscal  years  1961  and  1962. 

The  1958  act  required  that  the  D  funds  be  placed  under  contract  by  December  1, 
1958,  with  construction  scheduled  for  completion  by  December  1,  1959.  In 
general,  that  objective  was  met,  although  some  projects  were  not  completed 
on  schedule  because  of  delays  resulting  from  bad  weather  and  other  unforeseen 
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This  SYo-mile  Federal-aid  secondary  project  north  of  Oran  Quivera,  A.  Mex., 
replaced  a  narrow,  crooked  dirt  road  tchich  was  often  made  impassable  by 
rain  or  snow. 

circumstances.     At  the  end  of  the  fiscal  year  a  very  small  amount  of  construction 
under  this  program  was  still  underway. 

Several  of  the  appendix  tables  in  this  report  specifically  cover  the  D  fund 
program.  Statistics  cited  in  the  sections  of  the  report  dealing  with  Federal-aid 
improvements  of  primary,  secondary,  and  urban  highways  include  work  done 
under  the  D  fund  program. 


Repair   of  Roads  Damaged   by  Natural  Disasters 

The  Federal  Government  for  many  years  has  furnished  financial  aid  to  the 
States  in  the  repair  and  reconstruction  of  highways  and  bridges  on  the  Federal- 
aid  systems  damaged  or  destroyed  by  floods,  earthquakes,  and  other  catas- 
trophes over  a  wide  area.  The  Federal-Aid  Highway  Act  of  1956  provided  a 
maximum  of  $30  million  annually  for  these  purposes.  The  Federal-Aid  High- 
way Act  of  1959  amended  the  legislation  to  permit  the  use  of  these  funds  for 
the  repair  and  reconstruction  of  Federal  domain  roads,  such  as  those  in  National 
forests  and  parks,  damaged  as  a  result  of  a  catastrophe,  without  the  necessity 
for  a  declaration  of  an  emergency  by  the  Governor  of  the  State  concerned  and 
regardless  of  whether  the  road  involved  was  on  one  of  the  Federal-aid  systems. 
The  availability  of  these  emergency  funds  makes  prompt  assistance  possible 
without  the  need  for  special  legislative  action  following  each  catastrophe. 

During  the  fiscal  year  10  States  received  contributions  in  aid  from  Federal 
emergency  funds  to  assist  in  financing  the  costs  of  repair  and  reconstruction  of 
roads  and  bridges  on  the  E'ederal-aid  systems  seriously  damaged  by  natural 
catastrophes.  Five  States  received  assistance  for  damages  from  recent  hurri- 
canes and  floods  and  five  States  were  aided  in  completing  work  caused  by  prior 
catastrophes  ranging  from  earthquakes,  fioods,  and  seismic  wave  damage  to  vol- 
canic eruptions.  Allocations  of  emergency  funds  totalling  $2,402,486  were  made 
during  the  fiscal  year  to  these  10  States  for  rehabilitation  work  estimated  to 
cost  a  total  of  $4.25  million.  Amounts  allocated  were:  Florida,  $241,250; 
Georgia,  $20,500;  Hawaii,  $776,257;  Iowa,  $146,900;  Mississippi,  $47,345;  Mon- 
tana, $455,080;  Nebraska,  $357,600;  New  Hampshire,  $95,500;  North  Carolina, 
$163,750 ;  and  Washington,  $98,304. 
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During  the  year  Public  Roads  was  called  upon  by  the  Office  of  Civil  and  De- 
fense Mobilization  to  render  assistance,  as  authorized  and  required  by  law  (P.L. 
875),  in  connection  with  natural  disasters  such  as  floods.  Such  disasters  oc- 
curred in  Alabama,  Arkansas,  Florida,  Georgia,  Hawaii,  Idaho,  Illinois,  Indiana, 
Iowa,  Mississippi,  Missouri,  Montana,  Oklahoma,  South  Dakota,  and  Texas. 
Total  damage  to  non-Federal-aid  roads  (eligible  for  assistance  under  the  cited 
statute)  was  estimated  at  $6,150,000.  Funds  for  the  repair  of  such  damage  are 
made  available  to  the  States  by  the  Office  of  Civil  and  Defense  Mobilization. 

The  Highway  Trust  Fund  and  Reimbursement  Planning 

Federal  legislation  requires  that  the  Federal-aid  highway  program  be  financed 
from  the  Highway  Trust  Fund,  established  by  the  Highway  Revenue  Act  of  1956. 
Repayable  advances  from  the  General  Fund  of  the  Treasury  are  authorized  as  a 
temporary  expedient,  but  such  advances  are  repaid  from  revenues  available  in 
the  trust  fund  before  the  close  of  the  same  fiscal  year. 

Federal  motor-fuel  taxes  have  provided  four-fifths  of  the  revenues  accruing 
to  the  Highway  Trust  Fund,  with  the  tax  on  tires  ranking  second  as  a  revenue 
source.     Net  receipts  during  the  5  fiscal  years  1957-61  and  the  tax  rates  in 

existence  during  that  period  were  as  follows : 

Receipts  Percent 

(iniUiovs)  of  total 

Motor  fuel :  3  cents  per  gallon  through  Sept.  30, 1059  ; 
4  cents  per  gallon  thereafter : 

Gasoline $8,697         79.4 

Diesel    fuel 299  2.7 

Total,  motor  fuel 8,  996  82.  1 

Trucks,  buses,  and  trailers :  half  of  the  10-percent  tax 

on  manufacturer's  price 509  4.  7 

Tires :  8  cents  per  pound  for  highway  tires  and  5  cents 

per  pound  for  other  tires 1, 100  10. 1 

Inner  tubes:  9  cents  per  pound (>6  .6 

Tread  rubber  :  3  cents  per  pound 07  .6 

Heavy  vehicle  use :  $1.50  per  1,000  pounds  annually  on 

vehicles  over  26,000  pounds  gross  weight 178  1.  6 

Interest  earnings  less  interest  payments 32  .  3 

Total 10,948       100.0 

Trust  fund  receipts  totaled  $10,948  billion  during  the  5  fiscal  years  1957-61, 
and  expenditures  totaled  $10,650  billion.  The  trust  fund  balance  on  June  30, 1961, 
was  $298  million.  Revenues,  expenditures,  and  year-end  balances  for  the  5  fiscal 
years  are  shown  in  the  table  on  this  page. 

Highway   Trust   Fund   revenues,    expenditures,   and   balances,   fiscal  years 

1957-61 


Fiscal  year 

Revenues 

Expenditures 

Balance 

1957 

1958 

Millions 
$1, 482 
2,044 
2,088 
2,535 
2,799 

10,  948 

Millions 
$966 
1,511 
2,613 
2,940 
2,620 

10,  650 

Millions 

$516 

1,049 

524 

119 

298 

1959 

1960 

1961 

Total. 

298 
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It  was  necessary  to  obtain  a  repayable  advance  of  $60  million  from  the  General 
Fund  in  October  1960  in  order  to  assure  prompt  payments  to  the  States.  This 
advance  was  repaid  to  the  General  Fund,  with  interest,  during  January  1961. 
It  is  expected  that  the  carryover  balance  at  the  beginning  of  fiscal  year  1962  will 
make  a  repayable  advance  unnecessary  during  the  year,  although  the  balance  will 
be  almost  entirely  utilized  by  the  end  of  December  1961. 

Future  program 

As  described  earlier  in  this  report,  the  Federal-Aid  Highway  Act  of  1961 
provided  additional  Interstate  authorizations  in  the  amount  of  $11.56  billion, 
for  a  total  Interstate  program  of  $37  billion  in  Federal  funds,  and  increased 
some  of  the  Federal  excise  taxes  to  provide  the  necessary  revenue.  The  ABC 
program  authorizations  are  traditionally  made  on  a  biennial  basis,  but  the 
Congress  has  expressed  its  intent  to  increase  the  annual  ABC  authorizations 
by  $25  million  every  2  years,  beginning  with  fiscal  year  1964,  until  a  $1  billion 
annual  level  is  reached  in  fiscal  year  1968. 

Revenues  that  will  accrue  to  the  Highway  Trust  Fund  under  the  provisions 
of  the  1961  Act  are  estimated  to  total  $41,479  billion  for  the  period  July  1,  1961, 
through  September  .30,  1972,  and  $52,485  billion  for  the  entire  trust  fund  period 
July  1,  1956,  through  September  30,  1972.  These  amounts,  reflecting  a  net  in- 
crease of  $9,682  billion,  are  expected  to  be  adequate  to  finance  the  authorized 
Interstate  program  and  the  continuing  ABC  program. 

Reimbursement  planning 

Reimbursement  planning,  involving  quarterly  reimbursable  obligation  ceilings 
(sometimes  referred  to  as  contract  control),  has  been  in  effect  since  October 
1959  as  a  means  of  regulating  new  obligations  on  Federal-aid  highway  projects 
so  that  the  Federal  funds  required  to  reimburse  the  States  for  work  done  would 
not  exceed  revenues  available  in  the  Highway  Trust  Fund.  Institution  of  this 
procedure  was  necessary  because  of  financing  difficulties  prior  to  passage  of  the 
1961  legislation,  as  desci'ibed  in  last  year's  annual  report.  The  unliquidated 
obligations  together  with  unobligated  balances  of  both  prior  and  new  appor- 
tionments could  generate  cash  requirements  exceeding  revenues  available  in  the 
Highway  Trust  Fund  if  the  rate  of  obligation  were  not  firmly  controlled. 

Federal  funds  are  obligated  when  the  States  are  authorized  to  proceed  with 
preliminary  engineering  work,  acquisition  of  right-of-way,  and  advertising  for 
bids  on  construction  projects.  As  of  June  30,  1961,  the  Interstate  and  ABC 
funds  obligated  for  future  payment  from  the  Highway  Trust  Fund  (unliquidated 
obligations)  totaled  $5.0  billion.  The  unobligated  balances  of  apportioned  Inter- 
state and  ABC  funds  amounted  to  an  additional  $2.8  billion,  and  the  apportion- 
ment of  funds  authorized  for  the  fiscal  year  1963  will  make  available  for  future 
obligation  an  additional  $3.3  billion  of  Federal  funds. 

The  reimbursable  obligation  schedule  for  fiscal  year  1961  was  announced  on 
June  10.  1960,  in  the  amount  of  $2,873,613,000,  as  compared  with  $2.7  billion 
for  the  previous  year.  Authority  was  given  the  States  to  obligate  the  first  and 
second  quarterly  allotments  of  $718  million  each  during  the  first  3  months  of 
the  fiscal  year.  The  1961  schedule  was  based  on  $2.0  billion  for  Interstate  high- 
ways and  the  remainder  for  the  ABC  program.  However,  the  States  could 
obligate  available  balances  of  either  Interstate  or  ABC  funds  as  desired. 

The  third  and  fourth  quarter  allotments  of  $718  million  each  were  made 
available  several  months  in  advance  of  the  respective  quarters. 

Recognizing  that  some  States  might  wish  to  obligate  available  balances  of 
apportioned  Federal-aid  funds  at  a  faster  rate  than  provided  for  by  the  re- 
imbursable  obligation  schedule,   the   States  were   authorizetl   to  proceed   with 
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projects  in  excess  of  reimbursable  obligation  ceilings  ;  but  with  the  understanding 
that  when  the  State  desires  reimbursement  for  such  projects,  the  Federal  fund 
amounts  are  to  be  charged  to  the  reimbursable  obligation  schedule  and  re- 
imbursement is  to  be  claimed  over  a  3-year  period.  Ten  States  had  advanced 
projects  on  this  basis,  involving  $218  million  in  Federal  fund  obligations. 

The  first  quarter  reimbursable  obligation  schedule  for  fiscal  year  1962  was 
released  on  May  17,  1961,  in  the  amount  of  $818  million. 

Reports   to  Congress 

Interstate  System  cost  estimate 

Section  104(b) 5,  Title  23,  United  States  Code,  requires  that  the  Bureau  of 
Public  Roads,  in  cooperation  with  the  State  highway  departments,  make  periodic 
detailed  estimates  of  the  cost  of  completing  the  Interstate  System.  Such  esti- 
mates, when  approved  by  the  Congress,  are  used  in  apportioning  Federal-aid 
funds  for  the  Interstate  System  among  the  States,  each  State  receiving  a  share 
of  the  total  annual  apportionment  equivalent  to  its  proportion  of  the  total  cost 
estimate. 

The  first  of  these  estimates  was  reported  to  the  Congress  in  January  1958  and 
was  used  as  a  basis  for  apportioning  the  Interstate  funds  authorized  for  the  fiscal 
years  1960-62.  The  second  estimate,  reported  to  the  Congress  on  January  11, 
1961,  was  published  as  The  1961  Interstate  System  Cost  Estimate,  House  Docu- 
ment 49,  87th  Congress,  1st  Session.  The  1961  estimate  was  approved  by  the 
Congress  as  the  basis  for  apportionment  factors  for  fiscal  years  1963-66. 

The  preparation  of  the  estimate  was  a  tremendous  task,  requiring  close  to  2 
million  man-hours  of  work  on  the  part  of  the  State  highway  departments  and 
Public  Roads,  at  an  estimated  cost  of  $7.5  million.  Uniformity  in  the  prepara- 
tion of  the  estimate  was  achieved  by  close  adherence  to  guides  contained  in  an 
instruction  manual  prepared  by  Public  Roads  and  by  close  cooperation  among 
engineers  and  other  officials  of  the  State  highway  departments  and  Public  Roads. 

Covered  by  the  1961  cost  estimate,  in  addition  to  the  38,522  miles  of  the  system 
represented  in  the  1958  estimate,  were  1,902  miles  designated  in  October  1957 
and  48  miles  in  Hawaii  designated  in  August  1960,  making  a  total  of  40,472  miles. 
Approximately  220  miles  of  designated  routes  for  which  detailed  locations  had 
not  been  determined  were  omitted  from  the  estimate,  as  well  as  308  miles  within 
the  41,000-mile  statutory  limit  that  were  reserved  for  adjustments  in  final 
measurement. 

The  1961  estimate  showed  that  the  cost  of  work  remaining  to  be  authorized  as 
of  January  1,  1960,  was  $32.9  billion,  including  $0.2  billion  for  construction  under- 
way or  completed  by  five  States  under  Federal  legislation  provisions  by  which 
the  costs  will  ultimately  be  reimbursed  in  part  Avith  Federal-aid  funds.  At  the 
time  the  report  was  made,  in  January  1961,  there  were  available  unobligated 
balances  of  Federal-aid  Interstate  funds  which,  with  State  matching  funds, 
amounted  to  $6.0  billion ;  and  work  financed  from  other  sources  amounting  to 
$1.4  billion  was  anticipated.  Thus,  the  estimated  cost  of  work  remaining  to  be 
financed  was  $25.5  billion,  of  which  $23.4  billion  would  be  Federal  funds  and 
$2.1  billion  State  matching  funds. 

The  1961  total  estimate  of  cost  was  the  same  amount  as  furnished  to  the 
House  Ways  and  Means  Committee  at  hearings  in  July  1959,  based  on  the  1958 
estimate  plus  other  supplemental  costs.  However,  there  were  included  in  the 
1961  estimate  the  related  Interstate  program  costs  for  State  highway  planning 
and  research  and  for  Bureau  of  Public  Roads  administration  and  research,  in 
order  that  the  Federal  funds  required  for  these  items  would  be  accounted  for  in 
estimates  of  total  futux'e  financing  requirements.     Inclusion  of  these  costs  did 
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not  exceed  the  $41  billion  total  amount  based  on  the  1958  estimate.  This  was 
possible  because  of  a  reduction  of  about  $1  billion  in  the  indicated  cost  of  con- 
structing the  Interstate  System  as  reported  in  the  1961  estimate,  as  compared  to 
the  estimate  submitted  in  January  1958. 

Of  the  total  40,42-4  miles  of  continental  routes  studied  (exclusive  of  the  48 
miles  in  Hawaii),  35,326  miles  were  in  rural  areas  and  5,098  miles  or  13  percent 
were  in  urban  areas.  Some  2,267  miles  or  6  percent  of  the  total  were  toll  roads, 
bridges,  and  tunnels. 

About  80  percent  of  the  system  will  be  built  on  new  location,  providing  savings 
to  the  traveling  public  by  more  direct  routing  and  effecting  economy  in  construc- 
tion costs  by  avoiding  the  need  for  moving  or  destroying  developments  along 
existing  highways. 

The  bulk  of  the  Interstate  System  mileage,  33,923  miles  or  84  percent,  will  be 
4-lane  divided  highways,  while  3,208  miles  will  be  6-lane  and  1,068  miles  will  be 
8  lanes  or  more.  Only  2,225  miles  or  about  6  percent  will  be  2-lane.  The  40,424 
miles  of  routes  will  add  up  to  168,071  lane  miles  of  highway.  In  addition,  5,770 
miles  of  the  system  will  have  frontage  roads  on  one  side  and  3,607  miles  will  have 
them  on  both  sides,  adding  9,377  miles  of  construction  to  the  total  of  the  main 
routes. 

On  the  40,424  miles  of  Interstate  System  routes  studied  there  were  planned 
12,099  interchanges,  accounting  for  18,622  individual  structures.  There  were 
also  18,100  highway  grade  separations,  3,842  railroad  grade  separations,  and 
12,959  stream  and  other  bridges  and  tunnels,  making  a  total  of  53,523  individual 
structures.  In  the  rural  areas,  interchanges  averaged  about  414  miles  apart; 
other  highway  grade  separations  averaged  about  3^4  miles  apart;  bridges  for 
other  purposes,  4  miles  apart. 

The  cost  of  remaining  work  to  complete  the  Interstate  System  in  the  con- 
tinental United  States  (excluding  the  $0.2  billion  commitment  for  work  under- 
way or  completed,  mentioned  above)  was  estimated  at  $18.0  billion  in  rural 
areas  and  $14.5  billion  in  urban  areas ;  about  55  percent  rural  and  45  percent 
urban.  The  total  $32.5  billion  included  .$0.7  billion  for  preliminary  engineering, 
$4.6  billion  for  right-of-way,  and  $27.2  billion  for  construction,  construction 
engineering,  and  contingencies.  Of  the  $27.2  billion  representing  actual  con- 
struction costs,  $6.0  billion  was  for  clearing,  grading,  and  drainage  work,  $5.9 
billion  for  base,  pavement  surface,  and  shoulders,  $10.8  billion  for  major  struc- 
tures, and  $4.5  billion  for  miscellaneous  items.  The  structures  costs  comprised 
$4.3  billion  for  interchanges,  $2.4  billion  for  highway  and  railroad  grade  sepa- 
rations, and  $4.1  billion  for  stream  bridges  and  tunnels. 

The  average  costs  per  mile  for  the  Interstate  System,  developed  from  the 
1961  estimate  and  the  costs  of  work  authorized  between  July  1956  and  January 
1960,  amount  to  $639,000  per  mile  in  rural  areas  and  $3,658,000  per  mile  in 
urban  areas,  with  an  overall  average  of  $1,006,000.  The  averages  developed 
from  the  1958  estimate  were  $681,000  per  mile  in  rural  areas,  $3,951,000  in 
urban  areas,  and  an  overall  average  of  $1,042,000.  The  lower  average  figures 
from  the  1961  cost  estimate  reflect  the  reduction  in  construction  cost  estimates 
noted  earlier. 

Major  structures  are,  of  course,  an  expensive  element  in  highway  construc- 
tion. The  average  interchange  cost  to  complete  was  $455,000.  Direct-connec- 
tion type  interchanges  between  high  trafiic-volume  routes  usually  require  several 
structures  per  interchange,  and  the  average  cost  of  an  interchange  structure 
was  $310,000.  The  cost  to  complete  the  average  highway  grade  separation  was 
$158,000  while  the  cost  to  complete  the  average  railroad  grade  separation  and 
combination  highway-railroad  grade  separation  was  $342,000.  'The  cost  to 
complete   other  bridges,   mostly   stream   crossings,   was  $339,000  per   crossing. 
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In  rugged  mountainous  terrain,  in  the  downtown  centers  of  large  cities,  and 
for  crossing  busy  liarbors,  tunnels  become  the  only  feasible  or  economical  design 
solution  to  the  location  problem,  although  expensive.  The  cost  to  complete  43 
tunnels  on  the  Interstate  System  totaling  30.3  miles  in  length  was  $667  million. 
Estimates  of  Interstate  System  traffic  indicated  a  probable  rise  from  101 
billion  vehicle-miles  on  the  traveled  way  in  1958  to  282  billion  vehicle-miles 
in  1975,  almost  a  threefold  increase. 

Highway  cost   allocation   study 

The  final  report  of  the  highway  cost  allocation  study,  which  was  required 
under  Section  210  of  the  Highway  Revenue  Act  of  1956,  was  submitted  to  the 
Congress  in  January  1961.  The  report  was  published  in  two  volumes  as  House 
Documents  54  and  72,  87th  Congress,  1st  Session,  the  former  containing  parts 
I-V  and  the  latter  part  VI  of  the  report.     These  parts  were  titled  as  follows : 

Part  I. — Introduction  and  summary  of  findings. 

Part  II. — General  discussion  of  the  study. 

Part  III. — Allocation  of  highway  costs  between  private  and  commercial 
users  and  other  classes  and  interests. 

Part  IV. — The  allocation  of  tax  support  of  the  Federal-aid  systems  among 
vehicles  of  different  dimensions,  weights,  and  other  specifica- 
tions. 

Part  V. — Competition  of  highways  with  other  modes  of  transportation. 

Part  VI. — Studies  of  the  economic  and  social  effects  of  highway  improve- 
ment. 

The  objectives  of  and  the  work  undertaken  for  the  highway  cost  allocation 
study  have  been  described  in  some  detail  in  previous  Public  Roads  annual  reports 
and  in  a  series  of  progress  reports  to  Congress.  Briefly,  the  objective  of  the 
study  was  to  provide  the  Congress  with  information  on  the  basis  of  which  it 
might  make  a  more  equitable  allocation  of  Federal  taxes  for  the  support  of  the 
Federal-aid  highway  program.  The  results  of  this  study,  reflected  in  the  final 
report,  were  utilized  in  preparing  material  for  the  President's  proposals  to 
the  Congress  during  the  fiscal  year  regarding  the  financing  of  the  Federal-aid 
program,  in  preparing  additional  statements  in  further  support  of  the  Presi- 
dent's proposals,  and  in  responding  to  Congressional  requests  for  information 
before  and  during  the  several  hearings  which  led  to  passage  of  the  Federal-Aid 
Highway  Act  of  1961. 

A  supplementary  report  presenting  the  results  of  a  preliminary  cost  alloca- 
tion by  the  incremental  method,  based  on  preliminary  data  from  the  AASHO 
Road  Test  (described  elsewhere  in  this  report),  was  also  submitted  to  the 
Congress  but  was  not  published  as  a  Congressional  document.  It  was,  however, 
included  in  Federal-Aid  Highway  Financing,  hearings  before  the  Committee  on 
Ways  and  Means,  House  of  Representatives,  87th  Congress,  1st  Session,  on 
the  President's  proposal  for  financing  the  Federal-aid  highway  program,  March 
1961  (pp.  114r-130).  The  inability  to  include  an  analysis  by  the  incremental 
method  in  the  final  report  of  the  highway  cost  allocation  study  as  published, 
and  the  submittal  of  a  preliminary  analysis  to  the  House  Ways  and  Means 
Committee,  were  occasioned  by  the  fact  that  the  traflic  operations  on  the 
AASHO  Road  Test  did  not  come  to  an  end  until  November  30,  1960,  whereas 
the  due  date  for  the  final  report  of  the  highway  cost  allocation  study  was 
January  3,  1961.  It  was  impossible  for  the  Road  Test  .stalf  to  produce  final 
equations  giving,  for  both  rigid  and  fiexible  pavements,  the  relations  between 
thickness  of  pavement  base  and  subbase,  and  the  numbers  of  application  of 
axle  loads  of  difi'erent  magnitudes,  until  several  months  after  completion  of 
the  test. 
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A  suppleuieiit  to  the  final  report  of  the  highway  cost  alloeatiou  .study,  wliieli 
will  contain  an  allocation  of  cost  responsibility  among  motor  vehicles  of  dif- 
ferent dimensions  and  weights  by  the  incremental  method,  was  iu  course  of 
preparation  at  the  end  of  the  fiscal  year.  This  analysis  will  be  based,  iu  part, 
upon  the  final  equations  derived  from  the  results  of  the  AASHO  Road  Test. 

Maximum  desirable  vehicle  sizes  and  weights 

The  Federal-Aid  Highway  Act  of  lO.jfi.  in  section  108 (k)  as  amended,  di- 
rected the  Secretary  of  Commerce  to  make  reconunendatious  to  the  Congress 
with  respect  to  maximum  desirable  dimensions  and  weights  for  vehicles  op- 
erated on  the  Federal-aid  highway  systems.  The  legislation  recognized  the 
necessity  of  employing,  in  the  development  of  such  recommendations,  the  final 
results  of  the  AASHO  Road  Test  (described  elsewhere  in  this  report).  Not- 
withstanding the  efforts  made  to  expedite  the  Road  Test,  final  results  were 
not  available  at  the  required  time  to  meet  the  Department's  needs  in  preparing 
its  recommendations.  However,  an  interim  report,  Maximum  Desirable 
Dimensions  and  Wcifjhts  of  Vehicles  Operated  on  the  Federal-Aid  Systems,  was 
transmitted  to  the  Congress  by  the  Secretary  of  Commerce  on  January  .3,  19G1. 
(This  interim  report  was  not  published.) 

It  is  planned  to  complete  and  transmit  to  the  Congress  a  report  embodying 
the  final  recommendations  on  vehicle  sizes  and  weights,  during  fiscal  year  1962. 
The  recommendations  will  be  supported  by  the  results  of  extensive  surveys 
conducted  ))y  Public  Roads  with  the  assistance  of  the  State  highway  depart- 
ments, and  by  the  pertinent  final  results  of  the  AASHO  Road  Test,  made  avail- 
able to  Public  Roads  in  May  1961  for  this  purpose. 

The  development  of  recommendations  of  the  Department  of  Commerce  to 
Congress  was  being  coordinated  with  the  work  of  the  American  Association 
of  State  Highway  OflBcials,  which  was  actively  engaged,  during  the  fiscal  year, 
in  a  thoroughgoing  review  of  its  1946  Policy  Concernin.g  Maximum.  Dimensions, 
Weights  and  Speeds  of  Motor  Vehicles  to  he  Operated  over  the  Highways  of 
the  United  States.  Appropriate  consideration  was  being  given  to  both  road 
costs  and  vehicle  costs,  in  the  interest  of  overall  economy  of  highw^ay  trans- 
portation, a  subject  of  intensive  study  by  the  Highway  Research  Board  com- 
mittee on  economics  of  motor  vehicle  size  and  weight.  Meanwhile,  the  States 
were  appraising  the  capabilities  of  their  present  highway  systems  in  light  of 
the  results  of  the  AASHO  Road  Test. 

In  the  Fedei-al-State  joint  surveys,  the  AASHO  Road  Test,  and  the  economic 
studies  under  the  auspices  of  the  Highway  Research  Board,  the  Federal  Gov- 
ernment, the  States,  and  industry  were  working  in  close  harmony  to  develop 
those  facts  of  common  interest  and  to  reach  supportable  conclusions  with  respect 
to  reasonable  limitations  of  motor-vehicle  dimensions  and  weights,  important 
to  the  economy  of  the  Nation. 

Highway  Improvements  Under  Direct  Supervision  of  Public  Roads 

The  Bureau  of  Public  Roads,  under  existing  legislation,  receives  and  adminis- 
ters directly  annual  appropriations  for  maj(U-  highways  through  national  forests, 
and  performs  highway  engineering  and  construction  services  for  other  Federal 
agencies  as  required  by  law  and  as  may  be  recpiested  for  specific  projects.  The 
principal  agencies  receiving  direct  appropriations  for  the  construction  and  main- 
tenance of  roads  and  requesting  assistance  from  Public  Roads  include  the 
Departments  of  Agriculture,  Defense,  and  Interior.  During  the  past  year.  Pub- 
lic Roads  also  continued  to  supervise  directly  considerable  Federal-aid  highway 
construction  in  Alaska  in  accordance  with  a  contract  with  the  State. 
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Public  Roads  in  this  general  program  for  highway  and  bridge  construction 
makes  surveys,  prepares  plans  and  specifications,  advertises  for  bids,  and  super- 
vises the  construction  of  the  projects. 

During  the  past  year,  improvements  under  the  direct  supervision  of  Public 
Roads  were  completed  on  148  projects  involving  749  miles  and  Federal  funds 
totaling  $58.G  million.  At  the  close  of  the  year,  Public  Roads  was  actively 
engaged  in  providing  engineering  and  construction  services  for  other  projects 
under  its  direct  supervision  estimated  to  cost  $155  million.  The  following  tabu- 
lation provides  a  brealidown  of  this  worlc  by  type  of  program  (the  figures  repre- 
sent the  estimated  cost  of  work  in  the  program,  plans  approved,  advertised,  and/ 
or  construction  stage)  : 

Forest  highways  ' $71,  339,  752 

Parkways 35,  648,  210 

Park    roads 18, 135,  665 

Bureau  of  Land  Management  roads 11,  154,  580 

Department  of  Defense,  access  roads  " 5,  368, 435 

Alaska  Federal-aid  projects^ 3,054,959 

National  Science  Foundation,  Kitt  Peak  observatory  road_  2,  823,  295 

Federal  lands  highways 2,  441,  000 

Forest  development  roads 2,399,327 

Woodrow  Wilson  Memorial  Bridge* 1,549,845 

Emergency  relief,  Yellowstone  National  Park  earthquake 

area 420,000 

Bureau  of  Indian  Affairs,  Indian  reservation  roads 328,  301 

Miscellaneous  reimbursable  construction 201,  960 

Total $154,  865,  329 

1  Excludes  forest  highway  construction  under  State  supervision. 
'^  Excludes  defense  access  roads  supervised  by  other  than  Public  Roads. 
3  Excludes  Federal-aid  highway  construction  under  State  supervision. 
*  Across  the  Potomac  River  south  of  Washington,  D.C. 

A  brief  coverage  of  some  of  the  significant  activities  under  the  direct  super- 
vision of  Public  Roads  is  presented  in  the  following  paragraphs. 

Forest   highways 

The  forest  highway  system,  which  is  composed  of  main  and  secondary  roads 
within  or  adjacent  to  the  national  forests,  had  a  total  length  of  24,958  miles  at 
the  close  of  the  fiscal  year.  It  is  located  in  40  States  and  in  Puerto  Rico.  Al- 
though this  system  is  not  wholly  connected  as  is  the  case  of  the  Federal-aid  pri- 
mary highway  system,  its  routes  are  the  principal  means  of  transportation  into 
and  through  the  national  forest  areas  which  comprise  approximately  181  mil- 
lion acres.  Table  20  of  the  appendix  shows,  by  forest  road  class,  the  system 
mileage  in  each  State.  More  tlian  half  the  total  length  of  the  system  is  located 
in  13  western  States,  and  88  percent  of  the  total  system  length  is  coincident  with 
the  Federal-aid  primary  and  secondary  highway  systems. 

On  May  26,  1961,  revised  regulations  for  administering  forest  highways  were 
issued,  representing  the  first  major  revision  in  10  years.  While  some  changes  of 
substance  were  effected,  most  of  the  changes  were  technical,  designed  to  bring 
the  regulations  into  line  with  present  law  and  procedures. 

Construction  operations  on  the  forest  highway  system  in  the  Western  States, 
which  are  financed  largely  by  forest  highway  funds,  are  generally  administered 
directly  by  Public  Roads.  In  the  East,  where  the  apportionment  of  forest  high- 
way funds  to  any  one  State  is  relatively  small  and  is  generally  supplemented  by 
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This  improvement  of  U.S.  97,  the  Blewett  Pass  Highway  in  W^enatchee 
ISational  Forest,  south  of  Leavenworth,  Wash.,  was  built  with  Forest  highway 
funds. 

Federal  aid,  State,  and/or  local  funds,  the  coustruetion  is  usually  administered 
by  the  State  highway  department. 

During  the  fiscal  year  92  percent  of  all  work  completed  on  the  forest  highway 
system  was  under  the  direct  supervision  of  Public  Roads.  This  work  entailed 
improvements  on  350  miles  involving  ,$24  million  of  Federal  funds.  At  the  close 
of  the  year,  additional  improvements  (under  the  direct  supervision  of  Public 
Roads)  were  underway  on  473  miles  involving  Federal  funds  totaling  $39  million. 
Some  of  the  improvements  completed  or  underway  during  the  past  year  are  de- 
scribed in  the  following  paragraphs. 

Oregon  Coast  Highway. — The  construction  of  a  7-mile  section  on  the  Oregon 
Coast  Highway  in  northern  Lincoln  County  will  replace  a  substandard  11-mile 
portion  constructed  over  30  years  ago.  The  new  location  crosses  a  headland  of 
the  Pacific  Ocean  through  a  cut  which  was  more  than  200  feet  in  depth.  More 
than  3.8  million  cubic  yards  of  excavation  are  involved  in  this  entire  section. 
Construction  has  been  in  progress  since  1956  and  will  be  completed  in  the  1962 
construction  season  at  a  cost  of  $3.6  million.  Extremely  wet  conditions  and  the 
heavy  excavation  presented  many  unique  problems.  Slides  were  encountered 
and  nearly  3  miles  of  perforated  underdrain  were  placed  under  the  embank- 
ments. The  average  daily  traffic  in  this  area  in  1960  varied  from  1,200  to  3,250 
with  heavy  tourist  traffic  during  the  summer  months.  It  is  estimated  that  the 
new  section  when  completed  will  result  in  annual  savings  to  traffic  of  $350,000. 

Lewis  and  Clark  Highway. — Construction  on  the  historic  135-mile  Lewis  and 
Clark  Highway,  which  extends  from  Kooskia,  Idaho,  to  Lolo,  Mont,  has  been 
greatly  accelerated  during  the  past  few  years.  Since  1918  Federal  and  State 
expenditures  on  the  100-mile  Idaho  section  of  the  route  have  amounted  to  $11.9 
million.     The  recent  accelerated  schedule  was  made  possible  largely  through  the 
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allocation  of  Federal  lands  highway  funds  totaling  $3,427,000  during  fiscal  years 
1957-61.  At  the  close  of  the  year,  three  projects  74  miles  in  length  were  under 
construction  in  Idaho.  Included  in  this  work  were  13  miles  of  grading  and  61 
miles  of  gravel  surfacing  of  which  39  miles  are  scheduled  to  receive  a  bitumi- 
nous surface  treatment.  This  work  was  estimated  to  cost  $2.5  million.  Addi- 
tional funds  were  programed  for  placing  a  bituminous  plantmix  surface  on  39 
miles  at  the  easterly  end  of  the  route.  When  this  entire  route  becomes  available 
for  use,  substantial  savings  will  be  realized  in  travel  distance  between  the  prin- 
cipal cities  in  this  area.  The  distance  from  Lewiston,  Idaho,  to  Missoula,  Mont., 
for  example,  will  be  80  miles  shorter  than  the  present  main  travel  route. 

Alaska. — The  principal  contracts  awarded  in  Alaska  during  the  year  for  the 
construction  of  forest  highways  involved  an  extension  of  the  Mitkof  Highway 
(an  eventual  link  by  way  of  the  Stikine  River  to  the  Canadian  highway  system), 
reconstruction  and  extension  of  the  Glacier  Highway  north  of  Juneau,  and  the 
extension  of  the  Tongass  Highway  north  of  Ketchikan.  Construction  was  com- 
pleted during  the  year  on  a  total  of  15  miles  of  forest  highways  in  Alaska,  in- 
volving Federal  funds  totaling  $2.2  million.  At  the  close  of  the  year,  32  miles 
were  under  construction  with  costs  involving  $6.6  million  of  Federal  funds.  At 
the  beginning  of  the  year,  the  State  of  Alaska  assumed  full  responsibility  for  the 
maintenance  of  its  forest  highways.  This  function  previously  was  performed  by 
Public  Roads. 

National  park  highways,   park  approach  roads,   and  parkways 

Construction  or  improvement  of  highways  within  or  approaching  national 
parks  or  monuments,  and  of  parkways  specifically  designated  by  legislation,  is 
financed  by  funds  appropriated  to  the  Department  of  the  Interior.  These  funds 
are  administered  under  regulations  jointly  approved  by  the  Secretary  of  the 
Interior  and  the  Secretary  of  Commerce.  The  Bureau  of  Public  Roads  collabo- 
rates with  the  National  Park  Service  of  the  Department  of  the  Interior  in  estab- 
lishing road  systems  and  developing  annual  programs.  In  accordance  with  a 
longstanding  policy.  Public  Roads  engineers  make  surveys,  prepare  plans,  and 
supervise  the  construction  of  the  major  projects  on  these  road  systems. 

During  the  fiscal  year,  improvements  were  completed  on  178  miles  of  park  roads 
and  parkways,  involving  Federal  funds  totaling  $14.5  million.  At  the  end  of  the 
year,  additional  improvements  were  underway  on  344  miles  involving  $39.8  mil- 
lion of  Federal  funds.  Table  21  of  the  appendix  indicates  the  general  locations 
of  this  construction  activity.  Some  typical  improvements  are  described  in  the 
following  paragraphs. 

Blue  Ridge  Parkway. — During  the  fiscal  year,  construction  was  completed  on 
46  miles  of  the  Blue  Ridge  Parkway  with  Federal  funds  totaling  $2.6  million.  At 
the  close  of  the  year,  additional  work  was  underway  on  40  miles  involving 
$10.9  million  of  Federal  funds.  This  scenic  477-mile  parkway  in  Virginia  and 
North  Carolina  was  approximately  83  percent  complete.  It  was  open  to  traffic 
from  its  northern  terminus  at  the  Shenandoah  National  Park  to  U.S.  70  near 
Asheville,  N.C.,  a  distance  of  392  miles,  except  for  two  short  gaps  totaling  22 
miles.  A  15-mile  section  at  the  southerly  end  of  the  parkway  and  an  11-mile 
segment  25  miles  south  of  Asheville  were  also  completed. 

George  Washington  Memorial  Parkicay. — Construction  continued  on  this  park- 
way which  is  located  on  both  sides  of  the  Potomac  River  near  Washington,  D.C. 
During  the  fiscal  year,  on  the  Virginia  portion,  grading  was  completed  from  the 
Central  Intelligence  Agency  office  building  to  the  Circumferential  Highway 
(Capital  Beltway).  Two  bridges  within  this  section  were  incomplete  at  the 
close  of  the  year.  Southerly  from  Washington  (also  in  Virginia),  a  short  sec- 
tion approaching  the  entrance  to  W^ashington   National  Airport  was  widened 
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from  4  to  6  traffic  lanes.  A  contract  was  awarded  for  further  improvement  on  a 
3.2-mile  section  of  the  parkway  southerly  from  this  point.  On  the  Maryland 
side  of  the  river,  northerly  from  Washington,  grading  was  completed  on  a  1.3- 
mile  section.  Grading  on  another  3.0-mile  section  was  underway  and  three 
contracts  were  awarded  during  the  year  for  the  construction  of  several  major 
structures. 

Natchez  Trace  Parkway. — Considerable  activity  continued  on  this  parkway 
in  Alabama,  Mississippi,  and  Tennessee  during  the  fiscal  year.  Construction  was 
completed  on  a  total  of  58  miles  involving  grading,  numerous  bridges,  and  sur- 
facing at  a  cost  of  $4.2  million.  At  the  close  of  the  year,  there  were  contracts 
totaling  $5.5  million  for  additional  construction  on  80  miles  of  the  parkway. 
Included  in  this  work  were  52  miles  of  bituminous  concrete  pavement.  Upon 
completion  of  this  surfacing,  163  miles  of  continuous  pavement  in  Mississippi 
(from  U.S.  45  north  of  Tupelo  to  U.S.  51  north  of  Jackson)  will  be  available  for 
public  use.  An  important  project  initiated  on  this  parkway  during  the  year 
was  the  construction  of  the  Tennessee  River  Bridge  near  Florence,  Ala.  This 
structure  will  have  an  overall  length  of  5,066  feet.  Contracts  totaling  $2.6  million 
were  awarded  to  provide  the  bridge  piers,  abutments,  and  steel  superstructure. 
A  subsequent  contract  will  provide  for  the  concrete  deck  and  other  work.  The 
bridge  is  scheduled  for  completion  in  1963. 

Mt.  McKinJey  National  Parle. — Proposed  construction  in  this  national  park 
in  Alaska  consists  of  improving  an  existing  road  extending  from  the  Alaska 
Railroad  crossing  to  the  vicinity  of  Wonder  Lake,  a  distance  of  89  miles.  At  the 
beginning  of  the  fiscal  year,  a  dust  palliative  treatment  was  applied  to  a  14-mile 
section.  Contracts  underway  or  awarded  during  the  year  provided  for  grading, 
draining,  and  the  construction  of  a  base  course  and  application  of  a  bituminous 
prime  coat  on  an  adjacent  13-mile  section. 

Federal-aid  activities  in  Alaska  under  Public   Roads  supervision 

Prior  to  this  fiscal  year  the  Bureau  of  Public  Roads  directly  supervised  the 
survey,  design,  and  construction  of  projects  under  Alaska's  Federal-aid  highway 
program.  On  July  1,  1960,  the  State  assumed  responsibility  for  directly  super- 
vising all  highway  functions  imder  its  Federal-aid  program  except  for  the 
construction  of  25  projects  which  had  previously  been  initiated  by  Public  Roads. 
These  projects  remained  under  the  direct  supervision  of  Public  Roads  and  22 
were  completed  during  the  year,  involving  work  on  56  miles  at  a  cost  of  $6.5 
million.  Construction  on  the  three  remaining  projects  was  well  advanced  or 
nearing  completion. 

Bureau  of  Land  Management  roads 

Public  Roads  continued  to  provide  engineering  services  for  the  Bureau  of 
Land  Management  of  the  Department  of  the  Interior  in  its  program  of  road 
construction  in  Oregon  by  making  surveys,  preparing  plans,  and  supervising 
the  construction  of  roads  providing  access  to  areas  for  logging  operations. 
During  the  year,  construction  was  completetl  on  90  miles  involving  Federal 
funds  totaling  $3.0  million.  At  the  close  of  the  year,  214  additional  miles  were 
under  construction  involving  $8.1  million  of  Federal  funds.  Since  the  roads 
constructed  under  Public  Roads  supervision  and  those  feeder  roads  constructed 
by  logging  companies  are  not  on  a  county  or  State  road  system,  necessary 
maintenance  operations  were  performed  by  Public  Roads  as  requested  by  the 
Bureau  of  Land  Management.  During  the  year  Public  Roads  maintained  265 
miles  of  roads  constructed  under  its  supervision  and  S35  miles  of  feeder  roads 
constructed  by  others  at  a  cost  of  $590,224. 
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Forest  development  roads 

Public  Roads,  at  the  request  of  the  Forest  Service,  makes  surveys,  prepares 
plans  and  specifications,  and  supervises  construction  of  roads  within  national 
forests  which  are  of  primary  importance  in  the  protection,  administration,  and 
utilization  of  the  forests,  or  which  are  necessary  for  the  use  and  development 
of  the  resources  upon  which  the  communities  within  or  adjacent  to  the  national 
forests  are  dependent.  During  the  year,  construction  under  Public  Roads  super- 
vision was  completed  on  33  miles  of  forest  development  roads  involving  Federal 
funds  totaling  $2.4  million.  At  the  close  of  the  year,  30  additional  miles  were 
under  construction  at  an  estimated  cost  of  $2.1  million. 

Woodrow  Wilson  Memorial  Bridge 

Construction  on  the  Woodrow  Wilson  Memorial  Bridge  across  the  Potomac 
River  south  of  Washington,  D.C.,  begun  in  1958,  was  nearing  completion.  The 
construction  of  this  5,900-foot  bridge,  a  vital  link  in  the  Washington  Circum- 
ferential Highway  (Capital  Beltway),  has  involved  11  contracts  totaling  $12.7 
million.  At  the  end  of  the  fiscal  year  the  work  remaining  to  be  completed  con- 
sisted of  the  concrete  deck  and  bridge  railing,  bituminous  concrete  surfacing 
on  the  approach  spans,  bridge  lighting,  and  painting  of  steel.  The  bridge  is 
scheduled  for  opening  to  traffic  late  in  1961. 

Public  lands   highways 

Federal-aid  acts  since  1950  have  provided  funds  to  assist  the  States  in  develop- 
ing main  roads  through  unappropriated  or  unreserved  public  lands,  nontaxable 
Indian  lands,  or  other  Federal  reservations.  These  funds  have  been  allocated 
on  the  basis  of  need  to  specific  projects  in  18  States. 

The  $3.5  million  authorized  for  the  fiscal  year  1902  was  allocated  to  11  proj- 
ects in  9  States.  The  larger  projects  on  which  construction  was  initiated  were 
the  Richard  Sims-Dukes  Creek  Falls  road  in  Georgia,  the  Red  Lodge-Cooke 
City  highway  in  Montana  and  Wyoming,  the  Yellowtail  Dam  access  road  in 
Montana,  the  Gila  Cliff  Dwellings  National  Monument  road  in  New  Mexico, 
the  Quinault  River  bridge  in  Washington,  and  the  Mountain  View-Lonetree  road 
in  Wyoming. 

New  standard  specifications   for  construction 

Revision  of  Public  Roads'  Standard  Specifications  for  Construction  of  Roads 
and  Bridges  on  Federal  Highivay  Projects  was  completed  and  the  new  edition, 
designated  as  FP-61,  was  published  in  May  1961.  It  supersedes  the  1957  edition 
{FP-57).  These  specifications  are  used  by  Public  Roads  on  construction  under 
its  direct  supervision,  and  by  various  other  Government  agencies.  The  revised 
specifications  are  the  product  of  the  coordinated  efforts  of  Public  Roads,  other 
Federal  agencies,  and  national  technical  and  industrial  associations  interested 
in  highway  construction. 

Highway  Planning  and  Design 

Public  Roads  engineers  continued  their  close  collaboration  with  the  State 
highway  departments  in  evolving  suitable  designs,  particularly  for  freeway 
facilities  in  urban  areas  where  the  situation  is  often  complex  because  of  large 
traffic  volumes,  costly  right-of-way,  and  the  need  for  providing  local  service.  The 
State  highway  departments  were  emphasizing  the  selection  of  appropriate  inter- 
change types  and  proper  interchange  spacing,  in  order  to  provide  good  operation, 
to  avoid  excessive  costs,  and  to  accommodate  the  expected  future  traffic  volumes. 

In  rural  areas  there  was  an  increasing  use  of  independent  roadway  design  in 
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which  each  of  the  two  roadways  of  a  divitlecl  highway  is  designed  as  a  separate 
unit,  resulting  in  variable  widths  (»f  median  areas  and  variations  in  the  adjacent 
grades.  This  concept,  when  properly  applied  in  rural  areas  having  rolling  or 
hilly  terrain,  often  provides  an  economical  design  and  at  the  same  time  offers  a 
safer  facility  and  one  which  is  more  attractive  to  the  highway  users. 

Experience  gained  on  an  increasing  mileage  of  freeways  in  operation  was 
leading  to  further  retinemeuts  and  improvements  in  the  geometric  design  of 
through  lanes  and  interchanges.  On  high-type  highways  there  was  a  trend 
toward  the  use  of  continuous  and  full-width  paved  shoulders.  Longer  speed- 
change  lanes  at  ramp  terminals  were  being  built  and  frequently  were  being 
designed  as  tapered  areas  for  diverging  and  merging  movements,  rather  than 
as  auxiliary  lanes  placed  alongside  the  through  pavement.  Attention  was  being 
directed  to  the  development  of  layouts  that  will  avoid  major  weaving  movements 
across  the  through  tratfic  lanes. 

Although  overall  standards  for  freeway  design  were  well  established,  the 
State  highway  departments,  with  the  cooperation  of  Public  Roads,  were  demon- 
strating a  sustained  interest  in  taking  full  advantage  of  all  new  information 
concerning  freeway  operation  that  may  affect  design  details. 

Urban   planning 

The  efficient  movement  of  traffic  on  the  Interstate  System  and  to  and  from  the 
System  interchanges  in  urban  areas  has  been  of  particular  concern  to  highway 
engineers  and  municipal  authorities.  To  explore  the  coordination  of  highway 
planning  with  the  economic  and  social  development  of  municipalities.  Public 
Roads  surveyed  the  availability  and  types  of  urban  plans.  The  inventory  indi- 
cated that  practically  all  of  the  larger  cities  and  the  majority  of  the  smaller 
cities  had  either  a  comprehensive,  transportation,  or  arterial  highway  plan  to 
guide  highway  engineers  in  the  selection  of  routes  for  major  arterial  highways. 
Over  two-thirds  of  these  community  plans  were  less  than  3  years  old  and  over 
four-fifths  were  less  than  5  years  old.  Activity  in  this  continuing  process  of 
urban  planning  has  been  promoted  by  Public  Roads  as  an  essential  foundation 
for  proper  highway  location  and  design. 

Cooperation  among  Federal  agencies  concerned  with  highway  and  urban 
renewal  planning  and  other  urban  planning  work,  already  well  established,  was 
strengthened  during  the  year  through  additional  joint  action  of  the  Department 
of  Commerce  and  the  Housing  and  Home  Finance  Agency.  The  operating 
bureaus  concerned,  the  Bureau  of  Public  Roads  and  the  Urban  Renewal  Adminis- 
tration, entered  into  further  formal  coordination  of  their  interrelated  planning 
projects  in  urban  areas.  A  joint  policy  and  procedural  statement  on  coordination 
of  highway  and  general  urban  planning  was  issued  in  November  1960  by  the  two 
agencies.  New  arrangements  for  coordination  and  joint  financing  of  compre- 
hensive urban  planning  studies  included  the  designation  of  a  joint  steering  com- 
mittee of  Washington  office  representatives  of  both  agencies  and  of  regional 
joint  steering  committees  consisting  of  regional  staff  officials.  Regional  meetings 
were  held  and  procedures  established  for  complete  interchange  of  information 
between  the  field  offices  of  the  two  agencies,  and  proposals  for  several  joint 
planning  projects  were  advanced  during  the  year. 

Public  Roads  has  been  closely  associated  with  many  urban  area  studies.  Com- 
prehensive home-interview  studies  of  travel  and  vehicle  use  were  started  in  12 
cities  during  the  year,  with  Public  Roads  assistance,  bringing  the  total  of  sucli 
studies  to  170,  of  which  29  were  repeat  surveys.  Continuing  studies  were  in 
progress  in  Chicago,  Detroit,  Minneapolis-St.  Paul,  Pittsburgh,  and  Washington, 
D.C.  In  addition  to  the  home-interview  origin  and  destination  studies,  several 
cordon-type  roadside  interview  studies  were  conducted  in  smaller  cities.    Com- 
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plete  parking  studies  were  conducted  in  Chattanooga,  Nashville,  and 
New  Ox'leans.  Planning  of  cooperative  studies  of  traffic  characteristics  in 
New  York  City,  the  largest  metropolitan  area  in  the  Nation,  approached  the 
agreement  stage  among  the  Bureau  of  Public  Roads,  the  State  of  New  York,  and 
New  York  City. 

Continuing  staff  assistance  was  provided  by  Public  Roads  to  the  joint  com- 
mittee on  highways  of  the  American  Association  of  State  Highway  Officials  and 
the  American  Municipal  Association,  and  to  the  AASHO  urban  transportation 
planning  committee.  The  latter  was  created  following  the  successful  conclusion 
of  the  AASHO-sponsored  regional  seminars  for  highway  officials  on  urban  and 
transportation  planning,  held  in  each  of  the  four  AASHO  regions  and  attended 
by  over  250  highway  officials  including  Public  Roads  personnel.  Advisory  staff 
assistance  was  also  furnished  by  Public  Roads  to  the  highway  committee  of  the 
American  Municipal  Association,  as  well  as  to  the  suburban  committee  of  the 
National  Association  of  County  Engineers;  and  staff  participation  continued 
in  committees  of  the  Highway  Research  Board  and  other  technical  and  profes- 
sional groups. 

Public  Roads  research,  described  elsewhere  in  this  report,  continued  to  make 
outstanding  contributions  to  urban  planning. 

Design  guides  and  policies 

Public  Roads  engineers  continued  cooperative  assistance  to  the  American  As- 
sociation of  State  Highway  Officials  committees  in  the  development  of  additional 
design  guides  and  policies.  During  the  year  AASHO  adopted  and  published  a 
Policy  on  Access  Between  Adjacent  Railroads  and  Interstate  Highways.  Work 
was  also  completed  and  publication  approved  by  AASHO  on  an  Informational 
Guide  on  Services  to  Motorists  on  Interstate  Highways.  This  guide  reviews  the 
problems  of  the  State  highway  departments  inherent  in  the  operation  of  the  long 
stretches  of  Interstate  highways  now  being  opened  to  traffic,  with  regard  to  normal 
services  for  motorists  and  vehicles,  freeway  patrolling  by  police  and  maintenance 
vehicles,  and  assistance  in  emergencies.  A  major  suggestion  made  is  that  the 
State  highway  departments  establish  units  or  officials  with  responsibility  for  the 
coordination  needed  to  resolve  such  problems. 


This  new  Mississippi  liiver  bridge  at  Helena,  irk.,  will  replace  an  inadequate 
ferry  operation.  The  nearest  e.xisting  bridges  on  the  river  are  72  miles  to 
the  north  and  137  miles  to  the  south. 
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During  the  year  work  continued  on  studies  leading  toward  guides  on  control  of 
headlight  glare  on  divided  highways  and  on  emergency  communication  devices, 
including  telephones,  on  freeways.  Similar  development  studies  were  started  on 
the  subject  of  crossroad  design  and  control  of  development  along  crossroads  near 
interchanges,  and  on  geometric  design  standards  for  highways  other  than 
freeways. 

Bridge  Design 

Public  Roads  continued  its  close  cooperation  with  the  States  in  the  planning 
and  construction  of  highway  bridges  in  the  Federal-aid  program.  Public  Roads 
itself  designed  and  constructed  bridges  for  other  Federal  agencies,  and  furnished 
technical  assistance  on  bridge  planning  and  construction  for  the  Inter- American 
Highway  and  to  eight  other  foreign  countries. 

A  number  of  bridges,  presently  in  the  design  or  construction  stage  in  the 
Federal-aid  program,  are  notew^orthy.  Truss  bridges  with  maximiun  span 
lengths  of  700  to  830  feet  over  the  Ohio  River  at  Evansville  and  at  Jefferson- 
ville,  Ind.,  at  Louisville,  Ky.,  and  at  Cincinnati,  Oliio,  have  welded  built-up 
truss  members  of  normal,  meflium,  and  high  strength  structural  steels  to  effect 
maximum  economy.  Three  bridges  over  the  Mississippi  River  have  unusual 
features :  the  bridge  at  Baton  Rouge  has  a  through  truss  span  of  1,200  feet  over 
the  main  channel ;  the  Poplar  Street  Bridge  at  St.  Louis  utilizes  orthotropic 
design,  i.e.,  the  stiffened  steel  deck  plates  are  integral  with  the  plate  girders ; 
and  the  Washington  Avenue  Bridge  in  Minneapolis  is  double  deck  with  the 
entire  upper  deck  for  pedestrians,  to  serve  the  students  of  the  University  of 
Minnesota.  The  Borro  Creek  Bridge  in  Arizona,  a  670-foot  steel  truss  ai*ch, 
was  well  adapted  architecturally  and  economically  to  the  steep  rock  walls  of 
tlie  deep  gorge. 

For  the  Theodore  Roosevelt  Memorial  Bridge  across  the  Potomac  River  at 
Washington,  D.C.,  near  the  Lincoln  Memorial,  special  architectural  treatment 
was  given  to  the  lines,  proportions,  and  stone  facing  of  the  15  spans  of  con- 
tinuous riveted  deck  plate  girders,  to  blend  the  structure  with  the  memorial 
location. 

Two  tunnels  built  with  Federal  aid  were  opened  to  traffic  during  the  year. 
The  twin  tube,  4-lane  Fort  Pitt  Tunnel,  located  in  Pittsburgh,  was  constructed 
in  rock,  and  has  a  length  of  3,600  feet.  In  Fort  Lauderdale,  Fla.,  a  twin  cell, 
1,850-foot  subaqueous  tunnel  was  constructed  by  cofferdam  methods  under  the 
New  River. 

A  compilation  of  new  bridge  construction  during  the  calendar  year  1960  was 
completed,  listing  by  States  and  highway  systems  the  number,  length,  and 
cost,  and  percentage  of  concrete,  structural  steel,  and  prestressed  concrete 
bridges. 

Promotion  of  the  appropriate  use  of  two  relatively  new  steels  increased  their 
use  with  resulting  economies  in  bridge  construction.  Heat  treated  alloy  steels 
with  yield-point  values  of  90,000-100,000  p.s.i.  have  been  produced  by  several 
steel  manufacturers  as  proprietary  materials,  each  controlled  by  the  manu- 
facturer's specifications.  Public  Roads  initiated  a  conference  of  the  manu- 
facturers and  Government  engineers  which  resulted  in  writing  and  acceptance 
of  a  single  specification  to  cover  all  of  these  steels.  Public  Roads  also  prepared 
a  criteria  for  the  use  of  the  new  steel,  ASTM  A-36,  a  steel  of  the  same  price 
as  the  commonly  used  ASTM  A-7  steel  but  with  a  higher  yield  point  and 
improved  chemical  controls. 

With  Public  Roads  assistance  AASHO  adopted  and  published  a  Specification 
for  the  Design  and  Construction  of  Structural  Supports  for  Highway  Signs. 

36 


The  Olgiati  Bridge  over  the  Tennessee  River  at  Chattanooga,  Tenn.,  built  with 
Federal-aifl  funds,  links  a  series  of  improvements  on  Interstate  Route  124 
and  U.S.  27.  The  old  Market  Street  Bridge  nearby  was  a  focus  of  frequent 
traffic  jams. 

The  specification  presents  advanced  methods  for  determining  wind  loads  on 
signs  and  for  the  analysis  of  their  effects,  and  includes  new  recommendations 
for  design  stresses  in  certain  aluminum  alloys. 

Public  Roads  participated  in  a  cooperative  investigation  of  reinforced  con- 
crete bridge  decks  with  the  Portland  Cement  Association  and  several  State  high- 
way departments,  seeking  to  determine  the  causes  and  extent  of  deck  deteriora- 
tion in  selected  areas  and  to  find  means  of  improving  service  life  on  future 
construction. 

Public  Roads  participation  in  research  in  structural  problems  connected  with 
bridges  continued  during  the  year,  as  described  elsewhere  in  this  report. 

Two  publications  for  use  in  the  design  of  drainage  structures  for  highways 
were  issued  during  the  year.  Hydraulics  of  Bridge  Waterways  and  Peak  Rates 
of  Runoff  from  Small  Watersheds.  Several  hydraulic  engineering  circulars 
were  also  prepared  by  Public  Roads  and  distributed  to  State  highway  depart- 
ments and  other  public  agencies  engaged  in  highway  design  and  construction. 
The  U.S.  Geological  Survey  has  prepared  reports  (on  file  at  the  district  oflSces 
of  the  Survey)  in  cooperation  with  the  States,  for  estimating  the  magnitude 
and  frequency  of  floods  in  Indiana,  Kansas,  New  York,  Pennsylvania,  Ten- 
nessee, and  Wisconsin.  Public  Roads  advocates  the  use  of  flood  frequency  data 
in  the  design  of  bridge  waterways  to  serve  a  proper  balance  between  cost  of 
the  structure  and  its  protection  from  flood  damage. 

Seminars  on  hydraulic  problems  related  to  highways  were  conducted  by 
Public  Roads  at  three  field  oflBces  in  cooperation  with  the  State  highway  de- 
partments. 

Right-of-Way  Acquisition 

Public  Roads'  statement  of  policy  and  procedures  with  respect  to  right-of- 
way  acquisition  for  -the  Federal-aid  programs  was  revised  during  the  year  to 
clarify  the  requirements  as  to  right-of-way  organizations,  policies,  and  pro- 
cedures of  the  State  highway  departments.     With  the  cooperation  of  Public 
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Roads,  the  great  majority  of  the  States  have  raised  their  right-of-way  organi- 
zations to  staff  level  of  importance,  prepared  right-of-way  manuals  and  written 
procedures  for  property  management,  and  created  a  reviewing  appraiser  func- 
tion. In  addition,  many  States  have  effectively  developed  the  use  of  right-of- 
way  plans  and  employed  aerial  photogrammetry  for  that  purpose,  established 
right-of-way  training  courses,  and  adopted  some  form  of  public  relations  pro- 
gram in  connection  with  right-of-way  acquisition. 

Control  of  Outdoor  Advertising  on  the  Interstate  System 

By  the  Federal-Aid  Highway  Act  of  1958  the  Congress  established  a  national 
policy  on  the  control  of  outdoor  advertising  in  areas  adjacent  to  the  National 
System  of  Interstate  and  Defense  Highways,  to  be  effected  in  those  States  that 
voluntarily  enter  into  an  agreement  to  do  so  with  the  Secretary  of  Commerce. 
To  encourage  and  assist  the  States  to  carry  out  the  national  policy,  the  law 
provided  for  an  increase  of  one-half  of  one  percent  in  the  Federal  share  of  the 
cost  of  Interstate  highway  projects  in  those  States  which  entered  Into  an  agree- 
ment with  the  Secretary  of  Commerce  by  June  30,  1961. 

The  first  State  to  enter  into  such  an  agreement  was  Maryland,  on  January  18, 
1961.  By  expiration  of  the  deadline  date,  14  additional  States  had  entered  into 
such  an  agreement:  Connecticut,  Delaware,  Hawaii,  Kentucky,  Maine,  Nebraska, 
New  York,  North  Dakota,  Ohio,  Oregon,  Pennsylvania,  Washington,  West 
Virginia,  and  Wisconsin. 

Section  106  of  the  Federal-Aid  Highway  Act  of  1961  extended  the  time  within 
which  the  States  could  qualify  for  the  increased  Federal  share  by  2  years,  until 
July  1,  1963.  It  is  expected  that  a  number  of  additional  States  will  enact  the 
necessary  legislation  and  enter  into  agreements  with  the  Secretary  of  Commerce 
before  the  expiration  of  this  new  deadline  date. 

Navigational  Clearance  Requirements 

During  the  year.  Public  Roads  continued  its  efforts  to  obtain  reasonable 
navigation  clearances  at  highway  crossings  of  the  Nation's  navigable  streams. 
Notwithstanding  many  difficulties,  a  construction  cost  saving  of  approximately 


Interstate  Route  70  is  carried  across  the  Missouri  River  on  this  new  bridge 

west  of  Columbia,  Mo. 
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$7.5  million  was  accomplished  during  the  year.  This  work  was  not  as  success- 
ful as  it  had  been  in  past  years  due  to  the  fact  that  legislation  was  introduced 
into  the  Congress  during  the  year  that  would  have  the  effect  of  canceling  recent 
favorable  decisions  by  the  Corps  of  Engineers  on  the  vertical  guide  clearances 
to  be  required  on  the  upper  Mississippi  River  and  the  Sacramento  River.  As  a 
consequence,  action  on  requests  for  permits  to  construct  bridges  across  these 
two  streams  was  suspended,  and  issuance  of  revised  vertical  guide  clearance 
criteria  on  other  streams  was  delayed.  This  affected  the  progress  of  bridge 
construction  programs  on  those  streams.  The  legislation  was  still  pending  at  the 
close  of  the  year. 

During  the  year  Public  Roads  initiated  an  effort  to  obtain  the  agreement  of  the 
Corps  of  Engineers,  the  Bureau  of  Reclamation,  and  other  agencies  concerned 
with  the  construction  of  water  resources  projects  to  a  basic  concept  that  could 
be  used  to  minimize  the  inherent  conflict  between  the  development  of  transporta- 
tion and  the  development  of  water  resources.  Agreement  had  been  reached  by 
the  end  of  the  year  with  the  Corps  of  Engineers  on  the  financing  of  highways 
being  relocated  by  a  water  resoiirces  agency  coincidental  with  the  construction 
of  the  water  resources  development  project,  and  on  the  advance  construction 
or  reconstruction  of  highways  on  locations  necessary  to  preserve  authorized 
reservoir  sites. 

Highway  Roadside  Development 

Public  Roads,  in  cooperation  with  committees  of  the  American  Association 
of  State  Highway  OflScials,  continued  work  on  the  preparation  of  guide  stand- 
ards for  roadside  improvement  as  a  means  of  implementing  the  AASHO  policy 
on  landscape  development.  Such  cooperative  work  included  study  of  the  control 
of  headlight  glare  by  planting  and  other  methods. 

Staff  specialists  cooperated  with  the  State  highway  departments  and  with 
manufacturers  in  the  experimental  use  of  new  materials  for  protection  against 
erosion,  including  glass  fiber  blankets  and  materials  produced  by  the  paper,  jute, 
and  chemical  industries. 

Special  roadside  studies  were  continued  under  cooperative  agreements  with 
State  highway  departments  and  luiiversities  in  the  selection,  use,  and  develop- 
ment of  plant  materials  and  equipment  for  more  effective  and  economical  road- 
side development  and  maintenance. 

Use   of  Aerial  Surveys 

Research  was  continued  in  the  development  of  better  methods  of  photogram- 
metrically  obtaining  profile  and  cross-section  data  and  using  such  data  in  elec- 
tronic computers.  An  experimental  electronic-photogrammetric  measuring  and 
map  compilation  instrument  was  successfully  developed  in  cooperation  with  an 
electronic  engineering  firm. 

Two  studies  were  undertaken  to  learn  the  feasibilities  and  possible  accuracies 
attainable  with  double-projection  stereoplotting  instiuments.  One  of  these  was 
designed  to  test  horizontal  and  vertical  control  bridging  by  aerial  triangulation, 
using  various  scales  of  aerial  photography.  The  other  compared  the  volumes 
of  earthwork  computed  from  profile  and  cross-section  data  obtained  by  field 
surveys  and  by  photogramnietric  methods  on  grading  projects  in  a  mountainous 
area.  At  the  request  of  the  Department  of  Defense  a  project  was  undertaken 
by  aerial  survey  methods  to  compile  topographic  maps  and  to  design  thereon  a 
primitive,  circuitous,  and  steep  road  system  for  driver  training  of  military 
personnel. 

A  comprehensive  paper.  The  Role  of  Aerial  Surveys  in  Highway  Engineering, 
was  presented  at  the  Ninth  International  Congress  of  Photogrammetry  at  Lon- 
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dou,  England,  in  September  1960,  and  was  subsequently  published.  Training  in 
aerial  survey  methods  was  given  to  Public  Roads  engineers  and  highway  en- 
gineers from  other  countries,  and  assistance  was  provided  to  a  number  of  State 
highway  departments. 

Highway  Needs   of  the  National  Defense 

Public  Roads  continued  to  work  in  close  cooperation  with  the  Department  of 
Defense  on  all  matters  of  joint  interest.  These  matters  included  resolution  of 
problems  on  major  highway  locations  in  the  vicinity  of  military  installations  hav- 
ing special  clearance  requirements ;  coordination  of  unusual  military  vehicle 
design  and  highway  design  ;  identification  of  routes  for  special  defense  shipments ; 
selection  of  routes  to  be  developed  or  preserved  with  special  vertical  clearance 
requirements  around  large  urban  areas,  and  as  connectors  between  Interstate 
routes  and  major  ports;  and  arranging  for  improvement  of  public  roads  needed 
to  provide  adequate  highway  service  to  defense  installations  and  activities. 

Public  Roads  has  also  cooperated  with  the  Office  of  Civil  and  Defense 
Mobilization  while  making  substantial  gains  in  operational  readiness  throughout 
the  highway  field  to  meet  a  national  emergency. 

Noteworthy  is  the  three-way  cooperation  developed  among  Public  Roads,  the 
Department  of  Defense,  and  the  Office  of  Civil  and  Defense  Mobilization  in  for- 
mulation of  plans  for  highway  traffic  regulation  in  an  emergency,  which  would 
have  uniform  application  in  areas  under  either  military  or  civilian  jurisdiction. 

Defense  access,   replacement,   and   maneuver  roads 

State  and  local  highway  departments  continued  to  cooperate  with  Public 
Roads  in  making  improvements  needed  to  provide  adequate  highway  service  to 
defense  installations  and  activities.  Certain  of  these  improvements  which  can- 
not be  accomplished  appropriately  under  regular  highway  programs  are  handled 
under  the  defense  access,  replacement,  and  maneuver  road  program.  Funds 
transferred  from  defense  agencies  are  used  to  finance  this  work.  Plans,  sur- 
veys, and  estimates  and  supervision  of  construction  are  generally  handled  by 
State  highway  departments  on  substantially  the  same  basis  as  regular  Federal- 
aid  highway  programs.  A  relatively  small  portion  of  the  work  is  also  handled 
under  direct  supervision  of  Public  Roads. 

During  the  fiscal  year,  funds  transferred  by  the  Department  of  Defense  in- 
cluded $4,281,340  from  the  Department  of  the  Army,  $1,596,296  from  the  Depart- 
ment of  the  Navy,  and  $10,032,014  from  the  Department  of  the  Air  Force,  a  total 
of  $15,909,650.  This  increased  the  total  funds  transferred  by  these  three  depart- 
ments since  1056  to  $S6,489,1<S7.  The  Atomic  Energy  Commission  also  trans- 
ferred $375,000  to  finance  two  projects.  These  transfers  increased  the  total 
made  available  for  defense  access,  replacement,  and  maneuver  roads  since  the 
beginning  of  the  Korean  emergency  to  $147,713,674. 

During  the  fiscal  year  69  projects  serving  defense  installations  were  com- 
pletely financed  at  a  total  estimated  cost  of  $14.4  million,  with  $14.0  million 
financed  from  funds  transferred  by  the  Department  of  Defense  and  the  AEC. 
Preliminary  engineering  in  the  amount  of  $9,500  was  programed  on  four  addi- 
tional defense  projects  having  a  cost  of  $289,500.  At  the  close  of  the  year, 
there  were  13  unflnanced  projects  having  an  estimated  total  cost  of  $8.4  million 
and  requiring  $7.1  million  of  defense  access-road  funds,  certified  as  important 
to  the  national  defense.  An  additional  11  projects,  estimated  to  cost  $2.5 
million,  were  awaiting  certification  by  the  Department  of  Defense.  The  access- 
road  needs  of  16  other  installations  were  under  evaluation  by  Public  Roads. 
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Public  Roads  completed  the  evaluation  of  access-road  needs  of  114  ICBM 
Atlas  and  Titan  sites  located  in  the  vicinity  of  9  air  bases.  The  estimated  cost 
of  access  roads  at  the  37  sites  requiring  improvements  was  $3.4  million.  Con- 
struction of  the  access  roads  at  five  of  the  bases  was  substantially  completed 
during  the  fiscal  year,  and  construction  at  two  other  bases  was  well  underway. 

Public  Roads  accomplished  an  urgent  and  high  priority  defense  project  pro- 
viding for  immediate  improvement  of  existing  traveled  public  highways  to  serve 
the  site  contractor's  heavy  hauling  to  150  ICBM  Minuteman  sites  and  15  control 
centers  located  in  the  vicinity  of  Malmstrom  Air  Force  Base,  Great  Falls,  Mont. 
This  work  extended  over  19,250  square  miles  in  7  counties.  The  project  pro- 
vided for  placing  a  gravel  surface  on  168  miles  of  roads ;  spot  reinforcement  of 
an  additional  30  miles ;  strengthening  of  138  bridges ;  and  placing  90  pipe 
culverts  having  a  total  length  of  3,164  feet.  All  work  was  accomplished  by 
contract  under  Public  Roads  supervision  within  a  period  of  63  days,  under  a 
cost-plus-fixed-fee  contract  at  a  total  cost  of  $716,000.  In  addition,  three  proj- 
ects providing  for  permanent  improvements  on  617  miles  of  access  roads  to  these 
sites  were  programed. 

Similar  emergency  haul-road  construction  on  325  miles  estimated  to  cost  $1.1 
million  and  evaluation  of  defense  access-road  needs  of  150  sites  and  15  control 
centers  at  Ellsworth  Air  Force  Base,  Rapid  City,  S.  Dak.,  were  in  progress  at 
the  close  of  the  fiscal  year.  During  the  year  an  additional  226  miles  of  haul 
road  were  improved  at  a  cost  of  $77,672  to  expedite  the  construction  of  Titan 
sites  at  air  bases  near  Little  Rock,  Ark.,  and  Wichita,  Kans.  Public  Roads 
also  completed  condition  surveys  of  haul  roads  to  be  used  by  contractors  for 
the  missile  sites  near  Great  Falls,  Little  Rock,  and  Wichita.  These  surveys 
were  made  to  assist  military  contracting  authorities  and  local  highway  agencies 
in  settling  claims  which  might  develop  for  damage  resulting  from  the  contractors' 
operations. 

Emergency  planning   and   mobilization   readiness 

The  Bureau  of  Public  Roads  accepted,  in  September  1960,  the  definition  of 
the  role  and  responsibilities  of  State  highway  departments  in  connection  with 
civil  and  defense  mobilization  as  they  were  approved  at  that  time  by  the  Ameri- 
can Association  of  State  Highway  Officials.  The  role  and  responsibilities,  thus 
recognized,  facilitate  cooperative  effort  aimed  jointly  by  Public  Roads  and  State 
highway  departments  toward  attaining  an  adequate  state  of  readiness  to  perform 
such  emergency  duties  as  they  are  most  competent  to  perform  in  association 
one  with  the  other.  Responsibilities  assigned  to  Public  Roads  by  the  Office  of 
Civil  and  Defense  Mobilization  during  the  year  confirmed  and  clarified  previous 
authorities,  and  strengthened  Public  Roads'  position  in  working  cooperatively 
with  the  State  highway  departments. 

Considerable  progress  was  made  by  a  number  of  State  highway  departments 
in  their  efforts  to  bring  about  the  revision  and  updating  of  the  State  civil 
defense  survival  plans,  to  provide  a  more  effective  and  meaningful  role  for  State 
highway  departments  in  an  emergency.  Public  Roads  guidance  and  the  atten- 
tion given  to  emergency  planning  by  the  American  Association  of  State  High- 
way OflScials  contributed  to  the  progress  made.  Final  action  was  taken  during 
the  year  on  the  program  of  standardizing  a  series  of  highway  signs  for  use  in  an 
emergency.  The  National  Joint  Committee  on  Uniform  Traffic  Control  Devices 
approved  the  series  of  signs  during  the  year  and  included  them  in  the  Manual 
on  Uniform  Traffic  Control  Devices. 

Under  Public  Roads  guidance  14  State  highway  departments  prepared  pro- 
cedures to  monitor  highways  to  determine  the  degree  of  contamination  by  radio- 
active fallout   caused  by  nuclear   weapons.     During  the  year.    State  highway 
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departments  continued  the  training  of  employees  in  radiological  monitoring.  By 
the  spring  of  19(J1  the  States  had  432  instructors  and  6,258  trained  monitors. 
Procedures  to  reguhite  highway  traffic  in  contaminated  areas  were  developed 
by  15  States  of  whicli  7  had  been  approved  by  the  end  of  the  year.  The  concur- 
rence by  the  Department  of  Defense  in  the  Public  Roads  emergency  traffic 
regulation  procedure  contributed  to  the  progress  made  with  this  program. 

Additional  relocation  sites  w^ere  established  by  Public  Roads  for  its  own  field 
offices  and  existing  sites  were  strengthened  during  the  year. 

Highway  Safety 

Public  Roads  continued  its  activities  in  the  study  and  promotion  of  highway 
safety  during  the  year.  Much  of  the  research  work  and  design  improvement 
discussed  elsewhere  in  this  report  are  directly  concerned  wdtli  highway  safety 
or,  through  the  facilitation  of  smooth  traffic  flow,  enhance  safety  indirectly. 

Public  Roads  cooperated  with  the  President's  Committee  for  Traffic  Safety 
in  its  major  accomplishment  of  the  year,  the  first  complete  revision  of  the  action 
program  for  traffic  safety  since  1949.  Individual  reports  in  the  new  action 
program  cover  education,  engineering,  laws  and  ordinances,  motor- vehicle  ad- 
ministration, organized  citizen  support,  police  traffic  supervision,  public  infor- 
mation, traffic  accident  records,  and  traffic  courts.  Two  other  reports  were 
being  prepared,  on  research  and  on  the  health  and  medical  care  aspects  of  traffic 
safety. 

To  step  up  effective  application  of  the  proved  traffic  safety  measures  of  the 
action  program,  a  5-year  plan  was  developed  to  focus  efforts  of  the  35  national 
organizations  cooperating  with  the  Committee  in  meeting  greatest  needs.  In  the 
second  major  area  of  Committee  activity — development  of  organized  citizen  sup- 
port for  official  action — more  than  half  of  the  States  now  have  statewide,  full- 
time  staff  organizations  and  more  than  50  percent  of  the  cities  of  100,000  or  more 
population  have  safety  councils  or  equivalent  community-wide  organizations 
with  full-time  staffs.  Tlie  activities  of  these  organized  groups  cover  more  than 
two-thirds  of  the  Nation's  population. 

Due  to  the  vast  road  and  vehicle  improvement  accomplishments  and  the  grow- 
ing safety  promotion  efforts  made  since  the  close  of  World  War  II,  American 
motorists  in  the  aggregate  can  now  travel  75  percent  further  without  a  traffic 
death :  the  record  was  1.9  million  vehicle-miles  of  travel  per  traffic  fatality  in 
1960  as  compared  with  1.0  million  vehicle-miles  per  fatality  14  years  earlier. 
Put  in  more  conventional  terms,  there  were  5.3  traffic  fatalities  per  100  million 
vehicle-miles  of  travel  in  calendar  year  1960  as  compared  wuth  5.4  fatalities  in 
1959  and  9.8  in  1946.  The  total  number  of  fatalities  has  increased  from  33,400 
per  year  to  38,200  during  this  14-year  period,  but  at  the  same  time  the  number 
of  registered  motor  vehicles  and  the  miles  they  travel  annually  has  more  than 
doubled. 

National  Driver  Register  Service 

A  new  responsibility  of  the  Bureau  of  Public  Roads  is  the  operation  of  the 
National  Driver  Register  Service.  Proposed  in  a  1959  report  to  Congress  on 
highway  safety,  operation  of  the  register  was  authorized  by  Federal  legislation 
approved  July  14,  1960.  The  driver  register  was  planned  to  be  a  file  on  motor- 
vehicle  operators  whose  driving  privileges  have  been  withdrawn  by  a  State  or 
political  subdivision  for  driving  while  intoxicated  or  for  conviction  of  a  violation 
involving  a  traffic  fatality. 

The  program  was  to  be  a  purely  voluntary,  cooperative  State-Federal  enter- 
prise.    The  States  that  make  use  of  the  register  will  supply  to  Public  Roads 
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names  and  identifying  data  on  drivers  whose  driving  privileges  liave  been  witli- 
drawn  for  tlie  specified  causes,  and  will  request  a  check  on  new  license  applicants 
against  the  register  files.  By  this  means  the  States  will  be  able  to  prevent,  or 
at  least  reduce  the  possibility,  of  the  inadvertent  granting  of  driver  privileges 
to  individuals  whose  licenses  have  been  withdrawn  in  another  State  and  whose 
operation  of  a  motor  vehicle  would  be  likely  to  create  a  disproportionate  hazard 
to  other  highway  users.  The  information  from  the  register  will  be  available 
only  to  the  States  and  their  political  subdivisions. 

During  the  year,  planning  conferences  were  held  concerning  the  establishment 
of  the  register  with  the  American  Association  of  Motor  Vehicle  Administrators, 
the  International  Association  of  Chiefs  of  Police,  the  American  Bar  Association, 
and  other  groups,  as  well  as  with  the  individual  States.  Problems  of  operation 
were  studied,  and  it  was  found  that  much  of  the  work  could  be  handled  with 
Public  Roads'  own  electronic  data  processing  equipment  by  using  it  on  a  night 
shift.  Tabulating  card  preparation  was  contracted  to  the  Bureau  of  the  Census. 
Forms  and  instructions  were  prepared  and  distributed  to  the  States. 

The  register  service  was  set  in  operation  on  June  30,  1961.  At  that  time  43 
States  and  4  territories  had  agreed  to  participate  and  had  already  sent  in  in- 
formation on  12,000  drivers.  It  is  anticipated  that  records  may  be  received  on 
1,000  names  daily,  and  requests  for  searches  could  well  average  20,000  a  day, 
when  the  operation  reaches  full  stride. 

Administration   and  Management 

Public  Roads'  financial  management  improvement  program  was  further  ad- 
vanced during  the  fiscal  year  by  issuance  of  an  accounting  system  manual  and 
an  audit  manual,  streamlining  of  procedures  for  audit  of  State  claims  for  re- 
imbursement, strengthening  of  administrative  field  organizations,  and  decentrali- 
zation of  authority  to  approve  States'  claims  for  reimbursement.  Pilot  testing 
of  new  audit  techniques,  using  statistical  sampling  concepts,  was  initiated. 

A  comprehensive  study  of  expanding  needs  for  automatic  computing  facilities 
resulted  in  replacement  of  Public  Roads'  medium-sized  card  computer  system 
by  a  medium-scale  computer  with  magnetic  tape  units.  Computer  programs  were 
being  developed  to  use  the  greater  potential  of  the  new  equipment  in  many 
engineering,  research,  and  administrative  activities. 

In  the  face  of  the  ever-increasing  workload  generated  by  acceleration  of  the 
highway  program,  a  reappraisal  of  manpower  needs  in  reasonable  proportion 
to  growing  program  demands  became  necessary.  During  the  year,  a  manpower 
utilization  study  was  begun  to  develop  realistic  performance  and  workload 
measurement  criteria  to  determine  manpower  needs  and  to  provide  the  basis 
for  longer  range  and  more  extensive  manpower  planning  and  development 
related  to  the  demands  of  the  highway  program. 

Significant  progress  was  made  in  the  development  and  application  of  in-service 
and  out-service  training  programs  for  Public  Roads  personnel. 

Plans  for  development  of  a  State  highway  organization  in  Alaska  were  ap- 
proved for  the  transition  from  Federal  to  State  operation  of  the  highway  pro- 
gram effective  July  1,  1960.  Staffing  of  this  new  organization  was  accomplished 
by  the  transfer  of  Public  Roads  Alaska  Region  personnel  originally  acquired  in 
the  transfer  from  the  former  Alaska  Road  Commission  of  the  Department  of 
the  Interior.  The  Public  Roads  Alaska  Regional  Office  was  reorganized  at  the 
same  time  to  conform  with  the  basic  organization  plan  of  the  Bureau  for  normal 
Federal-State  operations. 

A  project  examination  division  was  established  in  the  Bureau  of  Public  Roads 
in  1957  to  maintain  administrative  vigilance  over  all  aspects  of  the  programs 
administered  by  Public  Roads,  from  the  standpoint  of  adherence  to  legislative 
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requirement,  proper  utilization  of  Federal  funds,  and  overall  effectiveness  of  the 
Public  Roads  organization  and  operations.  During  the  year,  review  teams,  com- 
posed of  engineers,  real  property  officers,  auditors,  and  investigators,  conducted 
reviews  in  Alabama,  Arizona,  Colorado,  Florida,  Louisiana,  Maryland,  Michi- 
gan, Pennsylvania,  Washington,  Wisconsin,  and  Puerto  Rico.  A  number  of 
special  inquiries  into  allegations  of  irregularities  or  malpractices  in  the  high- 
way program  were  conducted  during  the  year  and  the  results  were  referred  to 
the  Department  of  Justice  where  appropriate. 

Development  of  New  Practices 

Electronic  computers 

During  the  fiscal  year  substantial  progress  was  made  in  further  extending  the 
use  of  electronic  computation  in  highway  engineering  and  administration.  Par- 
ticular attention  was  being  directed  to  further  refining  the  highway  location  and 
design  process  leading  toward  a  comprehensive  electronic  computer  procedure 
for  determining  the  optimum  plan  from  among  feasible  alternative  proposals 
through  highway  user  benefit-cost  analysis.  The  Public  Roads  electronic  com- 
puter program  library  had  grown  to  400  computer  programs  covering  all 
phases  of  highway  engineering.  Three  additional  programs  were  converted 
to  universally  usable  form,  making  a  total  of  30  such  programs  available.  One 
of  these  makes  possible  the  evaluation  of  alternative  plans  for  urban  street  and 
freeway  networks  to  determine  the  optimum  system  in  terms  of  traffic  antici- 
pated during  a  number  of  years  in  the  future. 

Public  Roads  completed  a  study  of  the  engineering  and  administrative  opera- 
tions of  the  District  of  Columbia  Department  of  Highways  and  Traffic,  under- 
taken at  their  request,  to  determine  the  economic  feasibility  of  conversion  of 
various  operations  to  electronic  computation.  The  New  York  State  Department 
of  Public  Works  requested  a  similar  study.  An  intensive  training  course  in 
the  use  of  computers  in  bridge  design  was  conducted  for  a  number  of  engineers 
of  the  Virginia  Department  of  Highways.  A  similar  course  was  planned  for 
Public  Roads  Region  2  bridge  engineers,  and  further  extension  of  training  of  this 
kind  was  anticipated. 

Equipment  development   and  use 

Public  Roads  continued  to  encourage  the  development  and  use  of  new  equip- 
ment for  highway  construction  and  maintenance.  Among  promising  equipment 
developments  closely  followed  by  Public  Roads  was  automatic  profile  grade 
control  for  bituminous  paver-finishers.  One  electronic  device  enables  the  paver 
to  follow  automatically  a  single  wire  or  other  grade  reference  placed  outside 
the  pavement  edge.  A  prototype  model  has  also  been  successfully  operated  on 
resurfacing  work,  using  long  skids  as  a  reference  in  smoothing  out  undulations 
in  the  old  pavement.  Another  grade-following  system  in  the  development  stage 
used  an  infrared  light  as  a  profile  reference  on  tangents.  Perfection  of  such 
automatic  grade-following  systems,  and  others  under  development,  will  improve 
pavement  riding  qualities  and  permit  the  construction  of  an  accurately  layered 
pavement  structure  closely  conforming  to  design  thickness. 

Another  promising  development  being  observed  nud  already  job  tested  in 
several  States  was  an  infrared  joint  heater  attachment  for  asphalt  paver- 
finishers.  This  device  will  assure  the  bonding  and  weatherproofing  of  longi- 
tudinal joints  between  adjacent  surface  courses.  The  heater  uses  a  propane 
fuel  and  operates  on  the  principle  that  dai-k  materials  (such  as  bitumens)  absorb 
infrared  energy  which  is  converted  into  heat,  softening  the  cold  material  so 
that  it  can  be  tightly  bonded  and  smoothly  compacted  into  a  monolithic  surface. 
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Progress  was  made  during  the  year  in  elimiuatiug  restrictive  equipment 
requirements  in  construction  specifications.  An  increased  number  of  States 
adopted  the  tire  ground-contact  pressure  method  of  rating  pneumatic  rollers  used 
in  base  and  surface  compaction.  This  will  allow  equipment  manufacturers  to 
compete  in  the  roller  market  on  the  basis  of  actual  compacting  ability  and  avoid 
their  elimination  from  consideration  solely  on  a  machine  description  basis. 
Greater   economy  in  pavement  construction  may   also  be  realized. 

Considerable  progress  was  also  made  during  the  year  in  reducing  mixing 
time  for  concrete  pavers,  both  by  better  adherence  to  the  accepted  60-second 
mixing  time  and  by  recognition  that  transfer  time  in  multi-compartment  pavers 
should  not  be  excluded  from  mixing  time.  The  joint  subcommittee  on  mixing 
time  of  the  American  Association  of  State  Highway  Officials  and  the  American 
Road  Builders  Association,  on  which  Public  Roads  was  represented,  assisted  in 
this  trend  by  developing  a  revision  of  the  AASHO  standard  specification  for 
concrete  pavement  construction  which  deals  with  on-site  mixing.  The  joint 
subcommittee  also  developed  an  interim  mixing  time  criterion  for  hot  bituminous 
concrete.  Both  of  these  criteria  have  been  approved  by  the  AASHO  executive 
committee  and  recommended  for  inclusion  in  construction  manuals  and  specifi- 
cations. Adoption  of  these  criteria  can  result  in  substantial  savings  in  proc- 
essing such  paving  materials  while  at  the  same  time  providing  for  equal  or 
better  quality  roadway  surfaces.  Work  continued  in  the  concrete  mixing-time 
field  for  central  mixing  plants  and  transit-mix  trucks,  with  the  objectives  of 
reducing  excessive  mixing  time  and  obtaining  better  uniformity  in  other  related 
construction  requirements. 

Improvement  of  criteria  for  compaction  was  advanced  through  leadership  of 
Public  Roads  and  the  joint  AASHO-ARBA  subcommittee  on  compaction  to  the 
stage  of  approval  by  the  AASHO  executive  committee.  It  is  expected  that 
implementation  of  these  more  modern  and  realistic  determinations  will  be 
effected  through  the  AASHO  committee  on  construction  by  inclusion  of  these  up- 
graded criteria  in  appropriate  AASHO  manuals  and  specifications. 

Public  Roads  continued  to  provide  leadership  in  efforts  of  nationwide  scope 
to  upgrade  and  update  State  highway  department  construction  specifications. 
Primary  objectives  were  to  eliminate  or  broaden  unduly  restrictive  require- 
ments so  as  to  make  possible  fuller  realization  of  the  capabilities  of  modern  de- 
velopments in  highway  construction  equipment,  materials,  procedures,  and 
operations,  resulting  in  greater  economy  or  better  construction.  An  example 
was  the  entry  of  aluminum  into  competitive  usage  for  corrugated  pipe  culverts. 

Procedures 

Public  Roads  continued  to  promote  acceptance  among  State  highway  depart- 
ments of  the  use  of  reduced-size  plans  and  the  microfilming  of  plan  records. 
These  economy-effecting  developments  have  been  advanced  to  the  stage  where 
40  States  were  using  reduced-size  prints  and  29  States  were  using  microfilm 
for  plan  records  or  for  other  related  purposes.  Closely  associated  with  these 
was  the  comparatively  more  recent  development  of  a  unitized  microfilm  and 
punch-card  method  of  information  storage  and  retrieval.  Public  Roads  pro- 
motional activity  to  expand  acceptance  of  this  newer  economy-effecting  measure 
was  underway. 

Nuclear   energy 

Public  Roads  continued  to  advance  new  techniques  in  highway  operations 
through  the  iise  of  nuclear  energy  for  nondestructive  testing,  control  of  mate- 
rials, self-luminous  highway  signs,  and  for  tracing  materials.  The  determina- 
tion of  moisture  and  density  in  the  control  of  embankment  and  base-course  com- 
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paction  and  the  measuring  of  the  quality  and  consistency  of  highway  pavements 
and  structures  of  all  types  was,  during  the  fiscal  year  1981,  the  most  advanced 
nuclear  technique.  Public  Roads  found  that  39  States  were  using  or  had  ex- 
plored the  use  of  nuclear  energy  for  moisture-density  determinations.  Public 
Roads  worked  closely  with  several  universities  and  manufacturers  in  the  de- 
velopment of  moisture-density  gage  instruments  and  with  many  State  highway 
departments  on  the  use  of  these  gages  during  the  year. 

California,  in  cooperation  with  Public  Roads,  undertook  the  development  of  a 
nuclear  energized  self-luminous  highway  sign.  The  development  of  an  econom- 
ically feasible  self-luminous  sign  would  be  of  great  importance  in  connection 
with  the  signing  requirements  for  the  Interstate  System  and  other  expressways. 

Public  Roads  was  preparing  the  advancement  of  an  ultrasonic  system  for  non- 
destructive testing,  particularly  for  measuring  the  thickness  of  bituminous  and 
Portland  cement  concrete  pavements.  Such  a  device  should  be  capable  not  only 
of  determining  thickness  at  a  point,  but  of  providing  a  continuous  thickness 
record  as  it  is  moved  along  the  highway. 

Experimental   projects 

In  cooperation  with  State  highway  departments  and  others,  Public  Roads 
continued  to  sponsor  experimental  highway  projects  nsing  new  materials  and 
new  construction  methods.  During  the  fiscal  year,  220  experimental  projects 
were  active  and  involved  40  difCerent  experimental  features.  Summaries  were 
being  prepared  concerning  the  use  of  lime  in  bituminous  mixtui'es  and  for  sta- 
bilizing subbases  and  subgrades,  and  on  prestressed  concrete  pavements.  A 
guide  specification  for  rubberized  asphalt  was  established.  Work  was  under- 
way on  a  revision  of  a  summary  on  continuously  reinforced  concrete  pavement, 
which  promises  to  further  standardize  this  relatively  new  type  design.  Several 
experimental  continuously  reinforced  concrete  pavement  projects  were  initiated 
and  the  new  design  and  construction  techniques  employed  promise  to  supply 
useful  information.  The  experimental  use  of  asbestos  fibers  in  bituminous 
mixes  was  encouraged  and  promising  results  may  materialize. 

AASHO  Road  Test 

Field  work  was  completed  during  the  year  on  the  largest  highway  research 
project  ever  undertaken — the  $27  million  AASHO  Road  Test  conducted  near 
Ottawa,  111.  The  test  facility,  comprising  a  huge  outdoor  research  laboratory, 
was  provided  to  study  the  behavior  of  pavements  of  varied  composition  and 
thickness  and  bridges  of  varied  design  under  the  application  of  controlled  weights 
and  frequencies  of  traflac.  Test  traflBc  started  on  October  15,  1958,  and  was 
terminated  on  November  30,  1960.  In  the  interim,  the  test  vehicles  had  traveled 
altogether  more  than  17  million  miles  and  the  planned  application  of  1.1  million 
axle  loads  to  surviving  test  sections  had  been  realized. 

Conceived  in  the  early  1950's,  the  road  test  was  sponsored  by  the  American 
Association  of  State  Highway  Officials  and  administered  by  the  Highway  Re- 
search Board.  Grants  and  services  were  provided  by  the  State  highway  depart- 
ments, the  Automobile  Manufacturers  Association,  the  American  Petroleum  In- 
stitute, the  American  Institute  of  Steel  Constr'uction,  the  Department  of  Defense, 
and  the  Bureau  of  Public  Roads. 

From  December  1960  through  late  spring  1961,  special  studies  were  conducted 
to  determine  the  effects  of  weather  and  climate,  fatigue  of  construction  mate- 
rials, load-strain  and  deflection  variations,  the  relation  of  tire  load,  tire  size, 
and  inflation  pressure,  the  dynamic  effects  of  heavy  military  and  special  vehi- 
cles on  both  pavements  and  bridges,  and  trench  studies  to  ascertain  the  post-test 
condition  of  the  test  sections. 
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The  5-year  research  project  has  produced  a  wealth  of  iuformation  which  will 
be  embodied  in  a  series  of  seven  reports  to  be  published  by  the  Highway  Research 
Board.  The  first,  a  history  and  description  of  the  project,  was  being  printed. 
The  second  report,  being  completed,  deals  with  the  test  facilities  and  their  con- 
struction. Ensuing  reports  are  expected  to  cover  operations  and  maintenance, 
bridge  research,  pavement  research,  and  the  special  studies.  It  was  anticipated 
that  all  of  these  reports,  and  a  summary  report,would  be  in  the  hands  of  the 
review  committees  by  August  1961. 

The  AASHO  Road  Test  findings  will  have  enduring  application  to  problems 
of  motor-vehicle  size  and  weight  regulation,  in  determination  of  the  economics 
of  motor-vehicle  sizes  and  weights,  in  development  of  improved  design  pro- 
cedures, and  in  the  upgrading  of  standards  and  service  capabilities  of  existing 
highways.  However,  the  results  will  not  be  directly  applicable  to  pavement 
design  in  many  areas  because  of  local  differences  in  such  factors  as  soils,  cli- 
matic conditions,  and  trafiic  composition.  Cooperative  "satellite"  studies  for 
translation  of  results  of  the  AASHO  Road  Test  to  local  conditions  have  been 
initiated  in  Florida  and  North  Carolina,  and  several  other  States  ai"e  planning 
similar  studies.  These  studies  will,  of  course,  be  on  a  much  lesser  scale  than  the 
AASHO  Road  Test,  and  will  be  conducted  on  highway  sections  subjected  to 
normal  trafiic  usage  but  built  especially  for  test  purposes. 

At  year's  end,  plans  were  well  underway  for  the  rehabilitation  and  reconstruc- 
tion of  the  Test  Road  in  Illinois  and  its  conversion  into  a  section  of  the  Inter- 
state System,  as  originally  planned.  Special  test  sections  will  be  incorporated 
into  the  converted  highway  for  continued  study  of  behavior  under  normal  traffic, 
thus  providing,  in  effect,  one  of  the  satellite  tests. 

Highway  Planning  Research 

Urban  highway  research 

Research  during  the  year  was  directed  toward  the  continuing  development  of 
basic  data,  techniques,  and  procedures  for  a  rational  process  of  comprehensive 
urban  transportation  planning ;  in  particular  those  related  to  estimating  the 
future  travel  demands  of  our  increasing  urban  population. 

A  report  was  published  describing  a  study  of  the  nature  of  travel  to  a  regional 
shopping  center.  The  study  revealed  the  additional  traffic  demands  placed  upon 
adjacent  highway  facilities  by  the  development  of  such  centers,  and  estimated 
the  effect  of  the  regional  center  upon  existing  commercial  centers  within  its 
market  area. 

Another  published  report  illustrated  the  distributive  pattern  of  traflfic  approach- 
ing cities  of  various  sizes.  In  general,  it  showed  that  well  over  60  percent  of  the 
trafiic  approaching  the  smallest  cities  is  through  trafiic,  with  destinations  beyond 
the  city,  while  for  the  largest  cities  less  than  10  percent  of  the  approaching  traffic 
wants  to  go  through.  The  nonthrough  traffic,  however,  is  not  by  any  means  all 
destined  for  the  city's  central  business  district.  The  study  illustrates  the  patterns 
of  approaching  traffic  distributed  to  concentric  rings  of  equal  breadth  in  cities 
of  various  size  groupings  and  provides  guidelines  for  the  development  of  urban 
highway  systems.  It  was  found  that  for  intracity  traffic  a  general  rule  of  inverse 
proportion  was  applicable  to  central  business  district  trip  destinations.  In  cities 
of  less  than  50,000  population  only  22  percent  of  the  total  individual  trips  were 
destined  downtown,  and  this  proportion  steadily  decreased  inversely  with  the 
size  of  the  city,  reaching  less  than  6  percent  for  cities  over  1  million. 

Two  urban  research  projects  initiated  during  the  year  will  attempt  to  evaluate 
the  effectiveness  of  inter-area  travel  formulas  in  estimating  present  travel 
patterns  and  predicting  those  of  the  future.    This  research  is  being  conducted  in 
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an  effort  to  develop  and  test  standard  procedures  for  using  inter-area  travel 
formulas  in  the  transportation  planning  process.  The  first  project  is  concerned 
with  developing  and  evaluating  the  effectiveness  of  a  "gravity"  model  formulation 
for  the  Washington,  D.C.,  metropolitan  area.  The  gravity  model  is  hased  on  the 
hypothesis  that  all  trips  produced  in  an  area  are  attracted  to  other  areas,  and 
that  the  strength  of  this  attraction  is  directly  related  to  the  total  number  of  trips 
generated  in  each  of  the  areas  and  is  inversely  related  to  the  travel  time  between 
the  areas.  By  comparing  the  model  results  with  an  origin-destination  transpor- 
tation study,  discrepancies  can  be  analyzed  and  the  effects  of  various  social  and 
economic  factors  not  accounted  for  by  the  model  can  be  determined. 

The  second  project  initiated,  in  cooperation  with  the  Pennsylvania  Department 
of  Highways,  is  concerned  with  a  comparison  of  the  elTectiveness  of  two  inter- 
area  travel  formulas — the  gravity  model  and  the  opportunity  model.  The  effect 
of  income  and  occupation  grouping  will  be  studied  and  analyzed,  and  models 
of  varying  degrees  of  specificity  will  be  developed  and  evaluated. 

Research  was  continued  on  a  study  of  about  a  dozen  cities,  to  evaluate  the 
effect  that  factors  such  as  income,  sex,  race,  occupation,  and  density  of  develop- 
ment have  on  travel  characteristics.  The  cities  being  studied  have  travel  data 
availa))le  for  two  time  periods  several  years  apart,  so  that  the  effect  of  time  and 
changing  conditions  can  also  be  evaluated.  The  relations  developed  will  aid  in 
planning  improved  traffic  estimation  procedures. 

Relationship  of  urban  factors  to  automobile  and  transit  use 

Appreciable  progress  was  made  in  the  extension  of  an  equation,  developed  for 
predicting  use  of  automobiles  and  transit  in  entire  urban  areas,  to  use  for 
.smaller  area  segments.  Through  testing  modifications  of  the  general  equation, 
using  data  for  subdivisions  in  several  cities,  the  prediction  reliability  was  con- 
siderably increased.  Development  of  the  relation  between  the  parking  supply 
factor  and  automobile  and  transit  use  was  proceeding  through  analysis  of  data 
gathered  in  Washington,  D.C.,  beginning  with  1055.  Additional  research  has 
al.so  increased  the  reliability  of  methods  for  estimating  absolute  transit  use. 

Traffic    assignment 

The  library  of  electronic  computer  programs  developed  l»y  Public  Roads  for 
assigning  traffic  to  an  urban  highway  network  was  again  used  to  a  great  extent 
during  the  year  in  a  number  of  cities.  Aid  was  extended  to  several  State  high- 
way departments  in  adapting  the  assignment  programs  to  both  large  and  medium- 
size  computers. 

The  most  significant  addition  to  the  traffic  assignment  program  library  was  a 
procedure  for  modifying  resulting  assignments  in  relation  to  either  measured 
volumes  or  capacity.  If,  for  example,  a  proposed  freeway  section  has  a  capacity 
of  6,000  vehicles  per  hour,  and  an  initial  assignment  loaded  this  section  with 
7,600  vehicles  during  the  peak  hour,  it  would  be  desirable  to  divert  the  overload 
to  parallel  routes.  The  new  procedure  automatically  adjusts  the  travel  time  on 
each  section  of  the  highway  network  in  relation  to  the  ratio  between  assigned 
volume  and  either  measured  volume  or  capacity.  If  the  assigned  volume  on  a 
section  of  highway  is  too  high,  the  travel  time  is  automatically  increased ;  if  the 
volume  is  too  low,  the  travel  time  is  aiitomatically  decreased.  A  subsequent 
assignment  is  then  made  with  the  adjusted  times,  thereby  resulting  in  a  re- 
routing of  a  portion  of  the  traffic. 

Computer  programs  were  developed  to  adapt  the  output  of  the  traffic  assign- 
ment program  to  direct  use  on  automatic  plotting  equipment.  One  program 
allows  the  automatic  plotting  of  a  "tree,"  which  is  the  minimum  route  between 
all  points  in  the  city  and  a  given  zone.     Plotting  such  a  tree  manually  takes 
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about  2  man-days ;  the  automatic  plotter  will  accomplish  this  work  in  less  than 
2  hours.  A  program  for  plotting  the  volumes  assigned  to  each  section  of  a  high- 
way network  was  also  written. 

Work  was  completed  on  a  procedure  for  automatic  coding  of  origins  and 
destinations  on  an  electronic  computer,  and  on  a  study  comparing  airline  dis- 
tances with  travel  times  reported  in  an  origin  and  destination  survey.  Work 
was  started  on  a  general  electronic  computer  program  for  editing  origin  and 
destination  survey  cards  and  rearranging  data  into  a  standard  output  format  for 
further  processing.  Work  was  continued  on  the  comparison  of  various  traffic 
forecasting  procedures. 

Traffic   volume,   classification,   and   weight  information 

Traffic  data  for  more  than  1,600  continuous  traffic-count  stations  in  all  States 
were  analyzed  during  the  year  to  develop  the  trends  in  highway  traffic  volumes. 
Highway  travel  on  all  roads  and  streets  increased  by  2.6  percent  during  the  year. 
The  travel  increase  on  rural  roads  was  2.8  percent,  compared  with  2.4  percent 
on  city  streets. 

Manual  vehicle  classification  counts  conducted  in  32  States  indicated  that  7.1 
percent  of  all  passenger-car  travel  was  by  vehicles  smaller  than  the  "standard" 
American  pas.senger  car.  Of  cars  carrying  out-of-State  license  plates,  the  per- 
centage of  small  and  compact  cars  was  greater  than  for  standard  cars  in  four- 
fifths  of  the  States. 

In  the  continuing  effort  to  improve  the  accuracy  of  estimates  of  traffic  volumes, 
additional  data  were  amassed  in  the  study  of  reliability  of  the  annual  rate  of 
change  of  traffic  volumes  on  rural  roads  as  determined  by  data  from  continuous- 
count  traffic  recorders.  Traffic  counting  in  urban  areas  was  further  extended. 
Special  emphasis  was  placed  on  the  means  of  obtaining  comparative  measures 
of  traffic  volumes  along  the  Interstate  System  to  determine  traffic  growth  on  the 
routes  with  respect  to  the  corridors  in  which  they  lie.  A  study  of  traffic  volumes 
during  consecutive  groups  of  peak  hours  was  analyzed  to  ascertain  the  accuracy 
of  samples  obtained  in  time  i>eriods  of  less  than  24  hours. 

In  one  State  new  analysis  procedures  were  used  to  determine  the  character- 
istics of  average  weights  of  trucks  of  different  types.  As  a  result  of  this  study, 
substantial  savings  in  field  operations  and  analysis  time  were  realized  in  that 
State  and  guide  lines  were  established  for  use  in  other  States.  The  percentage 
distribution  of  trucks  by  tyi)es  in  the  flow  of  traffic  was  studied  to  develop  im- 
proved .schedules  for  manually  classifying  traffic  by  vehicle  type. 

Motor-vehicle-use   studies 

Statewide  studies  of  the  characteristics  of  motor-vehicle  ownership  and  use 
have  been  conducted  in  24  States  since  1951  and  analyses  have  been  completetl 
in  20  of  the.se  States.  An  analysis  of  15.000  pas.senger-car  trips  in  4  States 
showed  that  the  average  trip  length  for  all  occupational  groups  was  8.5  miles, 
with  a  range  from  4.8  miles  for  retired  persons  and  5.6  miles  for  housewives  to 
more  than  9.0  miles  for  most  other  groups.  Housewives  were  drivers  on  15  per- 
cent of  tlie  trips,  representing  10  percent  of  the  total  travel,  but  they  drove  one- 
fourth  of  all  the  family  business  trips  such  as  for  medical  and  shopping  purposes. 

Nationwide  data  on  some  travel  characteristics  were  collected  during  the  fall 
of  1959  and  the  spring  of  1961  by  the  Bureau  of  the  Census  for  Public  Roads. 
Information  available  from  the  fall  cycle  indicated  that  the  number  of  trips  per 
week  varied  in  direct  proportion  to  the  family  annual  income.  Families  with 
income  of  less  than  $2,000  had  only  half  the  number  of  trips  reported  by  families 
with  income  of  over  $10,000.  Over  half  of  all  automobiles  were  reported  as 
being  less  than  5  years  old,  and  these  accounted  for  almost  two-thirds  of  all 
passenger-car  travel. 
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Road    inventory   and    mapping 

Inventory  operations  were  continued  in  44  States  and  Puerto  Rico  to  obtain 
information  for  use  in  studies  of  highway  deficiencies,  and  358  county  higliway 
maps  were  prepared  by  31  States.  Other  maps  were  revised  or  redrawn  under 
the  cooperative  highway  planning  program,  including  37  State  highway  or  traf- 
fic maps,  391  city  street  or  traffic  maps,  114  coimty  traffic  maps,  and  333  urban 
area  maps.  Data  were  assembled  for  the  Industry  Evaluation  Board  on  the  most 
essential  highway  facilities  in  the  Nation. 

A  comprehensive  inventory  of  the  Interstate  System  traveled  way  was  initiated 
to  answer  inquiries  about  the  physical  characteristics  and  usage  of  the  Inter- 
state System.     Yearly  updating  is  planned. 

HigliM'ay   statistics 

During  the  year  the  fifteenth  annual  edition  of  IJUjhwny  Sitotistics,  for  the  year 
1959,  was  published.  This  volume  includes  comprehensive  information  on  motor- 
vehicle  registration,  motor-fuel  consumption,  highway-user  taxation,  highway 
finance,  mileage  of  highways,  and  related  information. 

Procedures  were  set  up  for  obtaining  State  and  local  highway  finance  data  for 
standard  metropolitan  statistical  areas.  Numerous  studies  and  special  reports 
made  by  the  staff  were  used  extensively  in  evaluating  alternate  long-range 
revenue  proposals  in  connection  with  actions  leading  to  the  Federal-Aid  Highway 
Act  of  1961. 

Traffic   Operations   Research 

Human   factors  research 

A  study  using  the  galvanic  skin  response  detector  was  conducted  during  the 
year  to  determine  the  effects  of  expressway  design  on  driver  tension  responses. 
Significant  differences  in  relation  to  both  design  and  traffic  characteristics  were 
found  among  four  different  expressway  designs.  The  study  indicated  that 
modern  highway  design  eliminates  most  traffic  conflicts,  bi;t  this  reduction  leads 
to  greater  speeds  which  arouse  increased  tension  from  interaction  with  the 
physical  characteristics  themselves. 

A  study  of  the  effect  of  improved  communications  between  drivers  on  headway 
between  vehicles  was  nearly  completed.  At  speeds  of  about  55  miles  per  hour, 
improved  information  on  the  type  of  maneuver  that  the  driver  of  a  lead  car  is 
about  to  undertake  reduces  distance  headway  of  the  following  car  by  about  one- 
third.     At  lower  speeds,  the  reduction  in  headway  is  much  less. 

Research  was  undertaken  to  determine  the  psychological  factors  causing 
lateral  displacement  in  driving.  The  development  of  an  electronic  device  to 
measure  the  lateral  displacement  of  a  moving  vehicle  was  completed,  and  col- 
lection of  field  data  was  scheduled. 

A  field  investigation  was  planned  to  determine  the  influence  of  highway  design 
on  the  routes  selected  by  drivers,  through  a  questionnaire  devised  to  elicit  driver 
attitudes  toward  a  toll  expressway  and  a  free-access  primarj^  roadway.  In  ad- 
dition, the  galvanic  skin  response  technique  was  to  be  used  to  obtain  further 
evidence  on  the  effects  of  roadway  design  on  driver  tension  responses. 

In  a  cooperative  research  project,  the  Applied  Psychology  Corporation  was 
inve.stigating  the  influence  of  mental  set  and  distance  judgment  aids  on  follow- 
ing distance,  and  the  per.sonal  characteristics  of  automobile  drivers  related  to 
following  distance.  The  study  indicated  that  following  distance  is  a  stable 
measure  of  driving  performance,  and  speed  and  emergency  instructions  affect 
following  distance.  It  was  also  demonstrated  that  use  of  visual  and  timing 
aids  in  the  vehicle  improve  driver  ability  to  maintain  acceptable  headway,  and 
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education  and  driving  experience  are  positively  related  to  accuracy  of  distance 
judgment. 

Another  cooperative  project,  at  the  Battelle  Memorial  Institute,  used  the 
theoretical  approach  to  explore  the  basic  problems  of  intervehicular  communica- 
tions, and  was  aimed  at  the  development  of  an  organized  conceptual  framework 
for  dealing  with  the  problem  of  driver-to-driver  transmission  of  information. 
This  should  lead  to  the  establishment  of  criteria  for  communication  effectiveness 
and  ultimately  to  the  development  of  techniques  for  evaluating  existing  or  pro- 
posed intervehicular  communication  systems. 

Freeway  traffic   surveillance  and  control 

A  research  study  of  means  of  increasing  operational  efficiency  on  urban 
freeways  where  heavy  peak-hour  demands  or  individual  vehicle  stoppages 
create  extreme  congestion  conditions  was  being  conducted  by  the  Michigan 
State  Highway  Department,  the  Wayne  County  Road  Commission,  and  the 
Detroit  Department  of  Streets  and  Traffic,  in  cooperation  with  Public  Roads. 
Fourteen  television  cameras,  covering  a  .3-mile  section  of  the  Lodge  Expressway 
in  Detroit,  were  being  monitored  simultaneously  at  a  central  control  room.  In 
addition,  automatic  traffic-measuring  equipment  in  conjunction  with  high-speed 
computers  was  being  used  to  study  traffic  characteristics  under  the  various 
conditions  that  occur  on  the  freeway.  As  a  means  of  controlling  traffic  to  improve 
operating  conditions,  a  complete  system  of  lane-  and  ramp-use  control  signals 
and  variable  speed-limit  signs  was  being  installed  on  the  study  section.  These 
will  be  operated  by  a  single  observer  in  the  control  center.  The  research  project 
includes  studies  in  the  areas  of  evaluation  of  television  surveillance  for  freeway 
observation,  evaluation  of  the  traffic  control  system  and  the  automatic  sensing 
and  computing  equipment,  and  other  traffic  operation  research. 

Another  freeway  surveillance  project  was  started  on  the  Congress  Street 
Expressvi^ay  in  Chicago  under  the  joint  sponsorship  of  Public  Roads,  the  Illinois 
Division  of  Highways,  Cook  County,  and  the  City  of  Chicago.  The  project 
is  intended  to  develop  a  means  of  detection  of  operating  conditions  on  the  study 
section.  Field  studies  were  underway  to  determine  the  location  of  critical 
points  and  the  causes  of  congestion. 

Highway   capacity  research 

A  report  was  completed  during  the  year  on  methods  of  increasing  the  traffic- 
carrying  capabilities  of  major  urban  arterial  streets.  Rased  upon  a  detailed 
study  of  traffic  operations  on  a  typical  arterial  in  Washington,  D.C.,  the  findings 
are  applicable  to  arterial  streets  generally.  The  study  showed  that  correction 
of  midblock  frictional  factors  often  was  necessary  before  the  full  capacity  of 
intersections,  usually  considered  the  controlling  feature,  could  be  realized.  Cor- 
rection of  offstreet  congestion  in  driveways  and  parking  lots  was  sometimes  found 
critically  needed  to  smooth  the  arterial  flow. 

A  computer  analysis  of  intersection  capacity  data  from  1,100  heavily  used 
intersection  approaches  was  completed  for  Public  Roads  by  a  consulting  organ- 
ization. A  series  of  five  intersection  capacity  prediction  equations  was  devel- 
oped, for  use  under  different  basic  conditions.  These  gave  more  reliable  results 
than  a  single  equation  for  all  conditions,  but  the  report  showed  a  need  for  still 
further  refinement  of  the  data.  This  work  was  underway  manually  at  the  close 
of  the  year. 

Also  completed  during  the  year  were  two  reports  on  simulation  of  traffic  by 
means  of  an  electronic  computer.  One  project,  conducted  by  the  Midwest 
Research  Institute  for  Public  Roads,  simulated  traffic  entering  an  expressway 
from    on-ramps.     The  other,    similarly   conducted   by   the   National   Bureau   of 
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standards,  simulated  the  highly  efficient  urban  arterial  traflSc  flow  on  progres- 
sively signalized  13th  Street,  NW.,  Washington,  D.C.  Cooperative  research 
directed  toward  vinification  of  currently  developed  simulation  techniques  was 
underway  at  the  Massachusetts  Institute  of  Technology. 

Analysis  of  data  already  submitted  in  conjunction  with  a  nationwide  freeway 
I'amp  capacity  study  was  underway,  while  additional  data  continued  to  be 
gathered  in  field  studies  throughout  the  country.  A  final  total  of  at  least  200 
studies  appeared  certain. 

A  cooperative  exploratory  study  of  the  effect  of  small  cars  on  the  capacity  of 
a  highway,  primarily  in  terms  of  spacing,  was  underway  at  Michigan  State 
University. 

Motor-vehicle  accident   studies 

Thirty-six  States  had  initiated  or  agreed  to  participate  in  the  Interstate  System 
accident  study  which  will  compare  accident  rates  for  completed  sections  of  the 
Interstate  System  with  nearby  existing  highways.  In  addition,  21  States  were 
undertaking  a  more  detailed  Interstate  System  accident  study  to  relate  accident 
experience  to  various  geometric  design  elements.  During  the  year  13  States 
submitted  comparative  data  for  approximately  500  miles  of  both  Interstate  and 
existing  highways,  and  2  States  submitted  data  for  relating  accident  experience 
to  geometric  design. 

Studies  of  the  economic  cost  of  truck  accidents  were  completed  in  New  Mexico 
and  Utah  during  the  fiscal  year,  the  passenger-car  phase  of  these  studies  having 
been  completed  previously.  A  similar  study  was  underway  in  Illinois,  and  Ohio 
was  planning  one.  These  studies,  conducted  with  Public  Roads  cooperation,  are 
Statewide  in  scope  and  encompass  the  driving  experience  of  passenger-car  and 
truck  owners  duiing  one  year.  The  data  relate  accidents  and  their  costs  to 
highway  systems,  design  features,  traffic  volumes,  road  conditions,  age  and  sex 
of  drivers,  type  and  age  of  vehicles,  etc.  The  results  help  pinpoint  the  major 
factors  contributing  to  the  sizable  economic  losses  resulting  from  motor-vehicle 
accidents. 

Dynamic  characteristics   of  vehicle  loads 

Research  was  continued  on  two  cooperative  research  projects  undertaken  by 
Public  Roads  to  develop  a  dynamic  theory  in  road-loading  mechanics  which  will 
pennit  the  prediction  of  road  life  from  the  characteristics  of  traffic  flow,  and 
which  will  indicate  the  effect  on  road  life  of  changes  in  vehicle  suspensions  and 
other  elements  of  the  system.  A  computer  program  relating  the  dynamic  and 
static  performance  factors  of  both  vehicle  and  road  is  envisioned.  The  frequency 
responses  of  passenger  cars  to  known  inputs  and  the  resulting  wheel  loads  im- 
posed on  the  road  were  investigated  for  Public  Roads  by  the  Purdue  Research 
Foundation,  while  the  Cornell  Aeronautical  Laboratory  used  a  theoretical  ap- 
proach to  investigate  the  effect  of  longitudinal  moving  loads  on  the  dynamic 
behavior  of  the  road. 

Brake  research 

In  a  comprehensive  study  of  emergency  braking  systems  for  combinations  of 
commercial  motor  vehicles,  undertaken  by  Public  Roads  for  the  Interstate  Com- 
merce Commission,  the  final  series  of  laboratory  tests  was  completed.  jNlost  of 
the  road  and  laboratory  test  data  were  analyzed.  The  study,  aimed  at  resolving 
controversies  concerning  the  safeguards  in  motor-vehicle  braking  systems  neces- 
sary to  prevent  "runaway"  accidents,  had  industry  participation  and  advice  and 
assistance  of  an  advisory  committee  to  the  Interstate  Commerce  Commission. 
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Manual  on  Uniform  Traffic   Control  Devices 

The  comprehensive  revision  of  the  Manual  on  Uniform  Traffic  Control  Devices, 
long  in  preparation,  was  completed  during  the  year  and  was  being  printed  by  the 
Government  Printing  Office.  Prepared  by  a  joint  committee  representing  na- 
tional organizations  interested  in  traffic  safety,  with  Public  Roads  staff  assistance, 
the  manual  has  been  approved  by  the  American  Association  of  State  Highway 
Officials  and  adopted  as  the  official  standard  for  Federal-aid  highways.  In  addi- 
tion to  a  general  updating  of  previous  standards,  the  new  manual  includes  specifi- 
cations for  the  signing  of  expressways,  control  of  traffic  at  construction  and  main- 
tenance sites,  and  emergency  civil  defense  signing. 

Instrumentation  development 

The  construction  of  specialized  data  collection  and  recording  systems  used  in 
the  many  phases  of  traffic  operations  research  has  been  accelerated.  During  the 
year  a  traffic  impedance  analyzer  was  developed.  This  instrumentation,  installed 
in  a  passenger  vehicle,  is  capable  of  automatic  digital  recording  of  travel  speed, 
distance,  time,  and  fuel  consumption,  as  well  as  manually  coded  data.  A  second 
unit  of  the  expressway  traffic  study  instrumentation,  using  high-speed  paper  tape 
punches  for  recording,  was  under  construction.  A  general-purpose  data  recording 
trailer  with  telemetry  input  for  use  in  instrumented  moving-vehicle  studies  was 
being  designed. 

Motor-vehicle  economics  studies 

The  study  to  determine  the  optimum  economic  size  and  weight  limitations  for 
commercial  motor  vehicles  and  to  estimate  the  changes  in  highway  freight 
movement  that  may  be  caused  by  adoption  of  these  limitations  was  nearing 
completion.  One  phase  of  this  study,  completed  during  the  year,  related  changes 
in  vehicular  operating  costs  to  changes  in  gross  weights  of  tractor-trailer  com- 
binations. Study  continued  on  a  comparison  of  gross  vehicle  and  axle  weights 
vpith  the  cost  of  constructing  and  maintaining  highways. 

Research  was  continued  to  establish  the  differential  road-user  benefits  re- 
sulting from  improvement  of  the  various  rural  and  urban  highway  systems. 
A  computer  program  was  developed  for  the  differential  road-user  benefit  anal- 
ysis, in  connection  with  the  highway  cost  allocation  study.  Field  tests  were 
begun  to  determine  the  effects  of  number  of  traffic  lanes  and  traffic  volume  on 
the  fuel  and  time  consumption  of  passenger  cars. 

Highway  Needs  and  Economy  Research 

Construction  and  maintenance  production  studies 

An  extensive  study  of  highway  maintenance  operations  in  Iowa,  undertaken 
in  cooperation  with  the  Iowa  State  Highway  Commission,  reached  completion 
of  the  field  phase  during  the  fall  of  1960,  and  a  report  of  the  findings,  con- 
clusions, and  recommendations  was  being  prepared.  The  findings  hold  promise 
of  providing  valuable  assistance,  not  only  to  Iowa  but  to  all  highway  mainte- 
nance organizations,  in  achieving  more  effective  and  efficient  handling  of  the 
constantly  growing  workload  of  maintaining  the  Nation's  highways. 

Interim  reports  were  prepared  by  Ohio  State  University  covering  further 
studies  of  improved  drying  of  aggregates  for  bituminous  highway  pavement 
mixes.  These  studies  were  being  continued  through  cooperative  research  con- 
tracts with  the  University,  and  through  field  observations  on  a  number  of 
production  dryers  encountered  on  highway  paving  operations. 

Other  equipment  performance  and  productivity  studies  on  construction  work 
were  completed  on  seven  projects. 
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Highway  management  studies 

A  report  on  the  census  of  highway  engineering  employment  in  State  highway 
departments  was  completed.  Work  continued  on  the  similar  census  for  counties 
and  cities. 

The  pilot  study  in  the  Wisconsin  State  Highway  Commission  to  investigate 
the  cause  and  effect  of  factors,  internal  and  external,  on  the  production  of 
engineering  plans  for  construction  projects,   was  virtually  completed. 

The  management  portion  of  the  study  of  maintenance  operations  on  State 
highways  in  Iowa  was  completed.  Recommendations  were  made  concerning 
organization,  policies,  and  management  actions  involved  in  carrying  out  main- 
tenance operations. 

Intensive  study  was  begun  to  develop  improved  procedures  of  short-range  and 
long-range  programing  of  construction  projects. 

Highway   cost   studies 

Preliminary  construction  costs  were  determined  for  highway  facilities  of  dif- 
ferent levels  of  structural  capacities  for  various  gross  weights  of  commercial 
motor  vehicles. 

Assistance  was  provided  to  the  National  Association  of  County  Engineers 
in  their  research  program  on  methods  of  county  road  management.  Important 
contributions  were  made  to  their  manual  on  road  experience  records  (cost  ac- 
counting for  county  management)  which  was  published  during  the  year. 

Pilot  studies  were  nearing  completion  on  the  effects  that  various  traffic  vol- 
umes have  on  the  length  of  service  lives  of  highways.  A  service  life  study  was 
also  underway,  using  information  reported  by  the  State  highway  departments, 
to  show  the  effects  of  the  stepped-up  highway  program  on  the  service  lives 
of  highways. 

Research  in  highway  economics  and   finance 

Research  undertaken  for  the  highway  cost  allocation  study  was  completed 
during  the  year.  Further  research  was  in  progress  on  the  allocation  of  highway 
costs  between  highway  users  and  others  according  to  the  relative-use  and  earn- 
ings-credit procedures,  and  among  vehicles  of  various  types  and  weights  accord- 
ing to  the  ton-mile  theory.  This  was  oriented  toward  solving  the  problems  of 
highway  cost  allocation  on  all  highway  systems  and  at  all  levels  of  highway 
administration,  with  the  aim  of  assisting  the  States  and  local  governments  in 
formulating  long-range  programs  for  meeting  their  highway  finance  responsi- 
bilities. 

A  study  was  being  made  of  the  underlying  demographic  and  economic  factors 
that  generate  the  demand  for  highways  and  highway  services  and  that  provide 
a  basis  for  estimating  how  much  money  will  be  needed  to  finance  future  high- 
way activities.  How  much  income  present  and  contemplated  sources  of  high- 
way funds  can  be  expected  to  produce  at  present  rates  of  taxation  was  also 
under  study.  A  corollary  research  was  devoted  to  the  theories  and  methods  that 
have  been  and  are  being  used  in  forecasting  levels  of  these  demographic  and  eco- 
nomic factors.  The  aim  of  this  research  is  to  develop  modified  or  new  forecast- 
ing techniques  that  can  be  applied  in  these  areas  to  produce  predictions  more 
accurate  than  have  been  possible  in  the  past. 

Other  research  included  investigation  of  the  highway  implications  of  the 
rural-to-urban  iK>pulation  shifts  confirmed  by  the  1960  Census ;  the  fuel-con- 
sumption characteristics  of  privately  owned  automobiles,  with  specific  attention 
to  the  consumption  rates  of  the  American  compacts  and  imported  small  vehicles ; 
and  the  value  characteristics  of  motortruck  transportation. 
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Highway  and  Land  Administration  Research 

Economic   impact   studies 

The  comprehensive  research  program  on  the  economic  impact  of  highways 
was  continiietl  throughout  the  year.  These  studies,  intended  for  use  in  con- 
nection with  route  planning,  highway  hearings,  liighway  design,  land  acquisition, 
public  relations,  etc.,  were  being  conducted  by  State  highway  departments  and 
universities  in  cooperation  with  Public  Roads.  The  studies  completed  and  those 
in  progress  concern  themselves  with  a  wide  range  of  aspects  pertaining  to  high- 
way improvements,  such  as  the  effects  of  highways  on  land  value  and  land  use, 
land-use  control  at  interchange  points,  and  the  relationship  of  highway  improve- 
ments to  public  services,  tax  bases,  central  business  districts,  and  public  utilities. 

During  the  fiscal  year  30  economic  impact  studies  were  completed,  bringing  the 
total  to  95  studies  completed  in  28  States,  plus  16  studies  nationwide  in  char- 
acter. Studies  in  progress  totaled  40  in  30  States,  plus  1  nationwide  research 
project.  Some  of  the  studies  completed  during  the  year  bore  on  specific  features ; 
for  example,  two  Kentucky  studies  provided  an  interesting  contrast  between  the 
effects  of  two  highways,  one  with  controlled  access  and  one  without  such  con- 
trol. Studies  nationwide  in  scope  evaluated  highway  improvements  with  rela- 
tion to  special  assessments,  public  services,  tax  bases,  and  central  business 
districts. 

Right-of-way  research 

In  cooperation  with  Public  Roads,  an  increasing  number  of  States  had 
embarked  on  studies  dealing  with  severance  damages  and  partial  takings  in- 
curred in  the  acquisition  of  right-of-way  for  highways.  By  the  end  of  the  year 
over  40  States  were  engaged  in,  or  were  about  to  commence,  such  studies.  A 
number  of  publications  (approximately  100,  many  of  them  single  case-history 
reports)  presenting  results  of  these  severance  damage  studies  had  been  issued 
by  various  agencies. 

A  guide  manual  was  completed  for  making  studies  of  severance  damages,  the 
principal  aim  of  which  is  to  systematize  the  methods  of  gathering  and  recording 
severance  damage  information  so  that  these  data  may  be  utilized  more  effec- 
tively. Included  in  the  manual  was  a  severance  damage  reporting  form  de- 
based for  use  with  either  mechanical  data  processing  or  manual  compilation 
techniques.  The  manual  will  be  used  by  States  making  this  type  of  study,  and 
the  cases  collected  are  expected  to  make  up  a  "bank"  from  which  individual 
States  can  draw  information  on  comparable  cases. 

In  cooperation  with  the  American  Association  of  State  Highway  Officials,  the 
first  draft  of  a  manual  for  training  right-of-way  personnel  was  prepared  and 
distributed  to  the  States.  Also  in  cooperation  with  AASHO,  a  comprehensive 
study  of  State  practices  in  the  right-of-way  acquisition  field  was  commenced. 
A  first  report,  on  the  subject  of  State  practices  pertaining  to  the  disposition  of 
improvements  located  on  land  acquired  for  highway  rights-of-way,  was  prepared 
during  the  year. 

In  connection  with  the  study  of  liaison  between  utilities  and  highway  depart- 
ments, also  undertaken  cooperatively  with  AASHO,  a  questionnaire  on  the  sub- 
ject was  developed  and  sent  to  all  State  highway  departments  and  to  utilities 
and  other  agencies  concerned. 

All  court  decisions  pertaining  to  condemnation  of  land  for  public  purposes 
handed  down  during  the  year  were  reviewed  and  analyzed  in  a  report  prepared 
in  cooperation  with  the  American  Bar  Association. 
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Highway  interchange   studies 

During  the  year,  the  first  draft  of  the  interchange  study  being  conducted 
for  Public  Roads  at  the  University  of  Wasliington  was  completed.  This  study 
concerns  itself  with  such  considerations  as  the  supply  and  demand  for  land 
at  highway  interchanges,  models  of  land-use  developments  and  related  traffic 
flows,  measurement  of  industrial  land  consumption  by  major  industry  classifica- 
tions, and  an  evaluation  of  land-use  controls  at  freeway  approaches.  Other 
studies  dealing  with  land  development  and  land-use  control  at  highway  inter- 
changes and  approach  areas  were  underway  in  several  of  the  States,  including 
Oklahoma,  Pennsylvania,  and  Texas.  In  many  of  the  economic  impact  research 
studies  attention  is  directed  to  the  interchange  aspect  of  highway  improvement. 

Highway  laws   research 

As  part  of  a  thorough  analysis  of  all  areas  of  highway  law,  in  which  Public 
Roads,  the  American  Association  of  State  Highway  Officials,  and  the  Highway 
Research  Board  are  cooperating,  reports  were  prepared  during  the  year  on 
the  law  of  all  the  States  pertaining  to  traffic  engineering,  highway  program- 
ing, and  toll  facilities.  Legal  research  was  completed  in  connection  with  laws 
on  highway  administration  and  highway  planning. 

The  relationship  between  the  police  power  and  highways  was  further  studied 
and  reports  were  prepared  on  the  benefits  to  the  highway  system  which  can  be 
obtained  by  subdivision  regulation,  by  zoning,  and  by  combination  of  all  forms 
of  planning  regulations  in  the  vicinity  of  interchanges. 

A  study  was  made  of  all  State  legislation  which  provides  for  the  reservation 
of  land  for  future  highway  use  by  means  of  mapped  street  powers. 

Several  States  interested  in  conducting  highway  laws  revision  projects  were 
advised  on  study  methods  and  procedures.  Assistance  was  furnished  to  a  num- 
ber of  States  and  municipalities  on  legal,  financial,  and  administrative  matters 
in  connection  with  parking  studies. 

Hydraulic  Research 

A  study  of  peak  rates  of  stormwater  flow  from  small  watersheds,  applicable 
to  most  of  the  area  of  the  United  States  east  of  Colorado,  was  published  during 
the  year. 

Research  on  stormwater  flow  from  urban  areas  was  continued  at  the  Johns 
Hopkins  University,  under  joint  sponsorship  of  Public  Roads,  the  City  of  Balti- 
more, and  Baltimore  County.  Data  obtained  from  Delaware  and  England  were 
included  in  analytical  studies. 

A  basic  study  on  the  hydrodynamics  of  curb-opening  inlets  for  storm  drains 
was  completed  at  Stanford  University.  Additional  experimental  research  on 
curb-opening  inlets  was  conducted  by  Colorado  State  University.  A  study  of 
unsteady  flow  in  storm  drains  was  begun  at  Colorado  State  University,  aimed 
at  development  of  a  digital  computer  program  for  routing  stormwater  hydro- 
graphs  through  storm  drains.  All  of  these  projects  were  sponsored  by  Public 
Roads. 

An  experimental  investigation  of  the  flow  capacity  of  corrugated  structural 
plate  metal  pipe  with  2-inch  corrugations  was  nearly  completed  at  the  Water- 
ways Experiment  Station,  Vicksburg,  as  a  joint  project  of  the  Corps  of  Engineers 
and  Public  Roads. 

The  National  Bureau  of  Standards  completed  an  intensive  investigation  of 
the  hydraulics  of  pipe  culverts  for  Public  Roads  diu'ing  the  year.    The  research 
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shows  that  substantial  improvement  in  the  flow  capacity  of  pipe  culverts  can 
be  obtained  by  relatively  simple  changes  in  entrances.  Research  was  continued 
on  improvement  of  box  culvert  flow  characteristics. 

Colorado  State  University  completed  a  study  for  Public  Roads  on  control  of 
scour  at  cantilevered  pipe  culvert  outlets  by  use  of  gravel  armor  plating  in 
natural  stilling  basins.  The  University  also  completed  a  report  on  laboratory 
studies  of  scour  around  bridge  abutments  and  conducted  an  analytical  study  of 
the  mechanics  of  local  scour. 

A  report  on  the  hydraulics  of  bridge  waterways  for  use  by  fleld  engineers  was 
published.  Another  report  including  numerous  charts  to  facilitate  computation 
of  flow  in  open  channels  was  being  prepared  for  publication. 

Physical  Research 
Soils   and    foundations 

Evaluation  of  apparatus  and  methods  of  measuring  the  physical  characteristics 
and  condition  of  soil  materials  more  rapidly  was  continued  during  the  year.  A 
report  was  prepared  on  a  device  using  the  reaction  of  calcium  carbide  with 
moisture  for  rapid  measurement  of  moisture  content  of  soil  materials  on  con- 
struction projects.  Initial  work  with  a  single-channel  seismic  device  indicated 
that  it  is  useful  in  shallow  explorations,  but  has  some  limitations  in  deeper  ex- 
plorations and  for  some  geologic  conditions.  Further  use  was  made  of  electrical 
resistivity  apparatus  to  prove  its  value  in  landslide  studies.  Nuclear  apparatus 
that  uses  radioactive  materials,  detectors,  and  counting  devices  to  measure  the 
moisture  content  and  density  of  soil  materials  was  evaluated  in  the  laboratory 
and  field  by  Public  Roads  and  five  States ;  Colorado  prepared  an  interim  report 
on  its  evaluation.     Kentucky  initiated  a  study  of  nuclear  gages. 

A  report  on  laboratory  evaluation  of  phosphoric  acid  for  the  stabilization  of 
fine-grained  plastic  soils  was  prepared.  Georgia  constructed  two  experimental 
road  sections  with  soil  base  courses  stabilized  with  phosphoric  acid ;  adjacent 
control  sections  were  built  with  base  courses  stabilized  with  portland  cement. 
Illinois  reported  on  a  laboratory  study  and  field  experiments  using  soil-lime 
mixtures  in  base  courses.  Other  cooperative  studies  of  soil-lime  mixtures  are 
being  conducted  in  Louisiana,  Minnesota,  and  West  Virginia. 

Basic  research  studies  were  continued  on  soil-clay  minerals  as  related  to  soil 
stabilization  and  other  engineering  uses  of  soils.  Two  phases  of  the  work  deal- 
ing with  clay-organic  complexes  were  completed,  and  a  study  of  volume  change 
of  soils  was  continued. 

Studies  of  the  characteristics  of  soft  foundation  soils  were  also  continued.  A 
report  was  prepared  on  long-time  laboratory  consolidation  tests  of  peats,  mucks, 
and  chemically  similar  materials.  A  study  of  soft  soils  by  means  of  vane  shear 
tests  directly  in  sampling  tubes  was  started.  Foundation  soil  samples  from  the 
site  of  the  proposed  Cooper  River  bridge  in  South  Carolina  were  tested  to  de- 
velop design  data. 

The  cooperative  program  with  the  Soil  Conservation  Service,  U.S.  Department 
of  Agriculture,  for  the  preparation  of  engineering  information  for  county  soil 
survey  reports  was  continued.  Thirty  State  highway  departments  are  cooperat- 
ing by  testing  soil  samples  and  preparing  other  engineering  information  regard- 
ing soils.  Public  Roads  tested  soil  samples,  correlated  test  data  from  State 
laboratories,  and  reviewed  the  engineering  sections  of  28  county  soil  survey 
reports. 

Cooperative  surveys  of  aggregates  were  continued  in  10  States  and  initiated 
in  Puerto  Rico.  Cooperative  studies  with  five  States  for  the  development  of  soil 
maps  and  reporte  for  highway  engineering  purposes  were  continued. 
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Bituminous   materials  and  pavements 

Public  Roads  research  on  bituminous  pavements  during  tlie  year  included 
studies  of  mixture  design  procedures,  construction  practices,  properties  of  ma- 
terials, development  of  new  methods  of  tests,  and  the  correlation  of  properties 
of  bituminous  mixtures  and  pavements  with  tield  performance. 

Studies  aimed  at  improving  flexible  pavement  design  methods  were  continued. 
A  report  on  a  cooperative  study  in  Georgia  of  the  mechanics  of  load  support  of 
flexible  pavements  was  prepared,  and  a  correlation  of  results  by  two  laboratory 
procedures  for  developing  strength  data  for  flexible  pavement  design  was  started 
in  Louisiana.  The  correlation  of  flexible  pavement  design  and  performance 
with  load  and  deflections  was  continued  in  four  States  and  inaugurated  in  Min- 
nesota. Comprehensive  field  studies  of  selected  representative  flexible  pave- 
ments in  Oklahoma,  South  Dakota,  and  Arkansas,  to  obtain  data  that  will  lead 
to  improved  design  procedures,  were  continued,  and  a  report  on  one  phase  of  the 
Oklahoma  study  was  prepared. 

Research  to  develop  new  design  procedures  and  methods  of  testing  bituminous 
paving  mixtures  was  receiving  more  widespread  attention.  Studies  were  under- 
way using  the  gyratory  compactor  in  an  effort  to  develop  a  better  design  pro- 
cedure to  predict  more  nearly  the  performance  of  bituminous  pavements.  Co- 
operative studies  using  this  apparatus  were  planned  by  Louisiana  and  West 
Virginia.  Studies  of  fatigue  and  of  resistance  to  cracking  of  bituminous  pave- 
ments were  continued  by  Public  Roads  and  cooperative  studies  were  in  progress 
in  Ohio.  Oregon,  and  Texas.  The  construction  of  apparatus  to  measure  air 
permeability  of  bituminous  pavements,  using  the  California  Research  Corpora- 
tion design,  was  essentially  completed  and  will  be  used  to  develop  information  on 
permeability  as  a  means  of  control  of  compaction. 

Research  related  to  the  control  of  construction  of  bituminous  pavements,  in- 
cluding heating  and  drying  of  aggregate,  time  and  temperature  of  plant  mixing, 
and  the  amount  and  method  of  compacting  mixtures,  were  under  study  by  Public 
Roads  and  in  cooperation  with  Louisiana,  New  York,  North  Carolina.  Ohio,  and 
Virginia.  These  studies  seek  to  develop  information  that  can  be  used  to  write 
better  specifications,  containing  only  those  controls  necessary  for  the  purpose, 
which  will  result  in  pavements  having  the  designed  properties. 

Studies  were  being  conducted  in  many  States  on  the  correlation  of  bituminous 
pavement  properties  and  performance  with  design  properties.  Public  Roads 
continued  cooperative  studies  with  Delaware,  Maryland,  and  Virginia  in  observ- 
ing and  testing  experimental  roads.  A  report  covering  12  years"  history  of  the 
Mai-yland  experiments  was  prepared.  Similar  cooperative  correlation  studies 
were  underway  or  planned  in  Illinois,  Louisiana.  Maine,  New  York,  Oregon,  and 
Texas.  An  informal  cooperative  study  with  Nebraska  sought  to  correlate  mix- 
ture density  and  stability  with  resistance  to  pavement  rutting. 

Among  the  materials  not  heretofore  commonly  used  in  bituminous  pavements 
are  asbestos  fibers  and  hydrated  lime.  A  number  of  States  were  conducting 
research  on  these  materials  and  using  them  in  experimental  pavements.  Public 
Roads  was  studying  the  effect  of  asbestos  on  the  properties  of  asphaltic  paving 
mixtures  and  pavements  constructed  in  Delaware  and  the  effect  of  hydrated 
lime  on  mixtures  and  pavements  in  Texas. 

A  cooperative  study  of  the  use  of  wire  reinforcement  in  Intuminous  mixtures  for 
concrete  overlays  was  planned  by  New  York  and  locations  of  the  experimental 
pavements  were  selected. 

Consultation  and  technical  assistance  in  evaluating  materials  to  be  used  in 
bituminous  construction  and  of  the  performance  of  pavements  in  service  was 
given  to  Public  Roads  field  offices  and  to  a  number  of  States. 
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During  the  year  emphasis  was  placed  ou  studies  of  the  fundamental  proper- 
ties of  bituminous  materials.  These  included  the  development  of  methods  for 
determining  absolute  viscosity  and  its  relation  to  the  properties  of  bituminous 
pavements.  Cooperative  studies  with  several  States  were  underway  or  planned. 
Some  of  these  were  of  a  fundamental  nature,  while  others  were  designed  to  de- 
termine generally  the  effect  of  asphalt  viscosity  on  the  mixing,  spreading,  and 
compaction  of  the  paving  mixtures.  Studies  to  correlate  properties  of  bituminous 
materials  with  field  behavior  of  pavements  were  being  conducted  simultaneously. 

A  report  was  prepared  on  a  comparison  of  changes  in  asphalt  viscosities  that 
occur  during  two  widely  used  accelerated  hardening  tests.  Another  report 
covered  an  informal  study  on  the  precision  of  the  Zeitfuchs  tube  for  measuring 
the  kinematic  viscosity  of  cutback  asphalts. 

A  study  of  the  properties  of  liquid  asphaltic  road  materials  by  means  of  vacuum 
distillation,  and  examination  of  both  the  distillate  and  residue,  was  progressing. 
This  study  should  provide  basic  data  for  improving  the  testing  procedure  for 
such  materials,  which  would  ultimately  lead  to  better  specifications  and  hence 
higher  quality  and  more  uniform  products. 

Studies  of  new  or  specialty  products  have  continued.  A  report  was  planned 
on  the  work  done  on  coal-modified  tar  binder.  Studies  of  the  newly  developed 
binders  which  provide  colored  bituminous  pavements  (yellow,  red,  etc.)  were 
begun.  New  York  was  conducting  a  cooperative  study  of  cationic  emulsions,  a 
relatively  new  material  in  the  United  States. 

Several  cooperative  studies  with  technical  committees  of  the  American  So- 
ciety for  Testing  Materials  were  conducted  for  the  development  of  standard  test 
methods. 

Chemical  investigations 

A  field  and  laboratory  study  on  abrasion-resistant  paints  for  steel  bridges 
was  continued  in  order  to  find  better  paints  for  Alaska.  Preliminary  results  indi- 
cated that  rubber-based  paints  offer  greater  abrasion  resistance.  Outdoor  ex- 
posure studies  of  new  rust-inhibitive  paints  for  structural  steel  were  continued. 
Early  trends  indicated  that  lead-silico-chromate  and  zinc-rich  inorganic  paints 
show  promise  izx  corrosion  resistance.  A  cooperative  study  to  use  radioisotopes 
in  the  development  of  test  methods  and  formulation  of  traflic  paints  was  started 
in  Georgia.  A  cooperative  study  with  Washington  was  in  progress  to  evaluate 
the  performance  of  permanent-type  traffic  markers. 

A  report  was  published  on  the  application  of  infrared  spectroscopy  to  the 
identification  of  water-reducing  retarders  for  concrete.  The  method  is  useful  as 
a  rapid  means  for  detecting  possible  adulteration  or  mislabeling  of  these  mate- 
rials and  to  ensure  the  uniformity  of  products  used  on  the  same  project. 

In  cooperation  with  the  National  Bureau  of  Standards  and  other  government 
and  industrial  laboratories,  precise  analyses  of  five  cements  were  undertaken 
for  the  purpose  of  establishing  new  Portland  cement  standard  samples.  These 
will  be  used  for  standard  reference  in  instrumental  and  general  methods  for 
analyses  of  cement. 

In  cooperation  with  the  American  Society  for  Testing  Materials  and  State 
highway  departments,  limited  investigations  were  concluded  on  the  application 
of  infrared  spectroscopy  to  the  determination  of  uniformity  of  shipments  of 
traffic  paint ;  on  improvements  in  the  chemical  method  for  determining  the  origi- 
nal cement  content  of  hardened  concrete;  and  on  the  spectral  identification  of 
concrete  retarders  used  in  State  research. 

A  cooperative  study  with  Montana  was  initiated  to  study  the  electro-chemical 
surface  properties  of  bituminous  aggregates  in  order  to  provide  for  a  better  selec- 
tion of  aggregates,  additives,  and  asphalt  for  bituminous  construction. 
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Cement,   aggregates,   and   concrete  pavement 

Two  I'eports  were  published  during  the  year  on  research  investigations  of  the 
chemical  properties  and  identification  tests  of  retarders  and  their  effect  on 
strength  and  other  properties  of  portland  cement  concrete.  It  was  found  that 
retarders  as  admixtures  for  concrete  increased  com^jressive  strength,  reduced 
water  requirement,  and  did  not  adversely  affect  durability  or  volume  change. 
Retarders  are  of  value  in  concrete  placed  under  conditions  of  high  temperature 
and  low  humidity,  or  when  the  concrete  is  hauled  long  distances.  A  guide  speci- 
fication for  retarders  was  also  published. 

A  report  was  completed  on  an  investigation  of  the  use  of  portland  blast-furnace 
slag  cement  in  place  of  normal  portland  cement  in  concrete.  Concrete  prepared 
with  the  slag  cement  gave  lower  strengths  at  early  ages  and  higher  strengths  at 
later  ages  than  concrete  prepared  with  normal  portland  cement.  The  slag 
cement  did  not  adversely  affect  the  durability,  volume  change  characteristics,  or 
the  resistance  of  the  concrete  to  scaling  caused  by  the  use  of  salts  for  ice 
removal. 

A  report  w'as  prepared  on  additional  tests  of  the  use  of  fly  ash  as  a  replace- 
ment for  part  of  the  portland  cement  in  concrete.  These  tests  showed  that  con- 
crete containing  high-carbon  fly  ash  had  lower  strength  and  durability  than  con- 
crete containing  low-carbon  fly  ash.  It  was  found  that  fly  ash  could  be  used  as  a 
replacement  for  portland  blast-furnace  slag  cement  without  serioiis  decrease  in 
strength  or  durability. 

A  report  was  prepared  on  tests  of  the  durability  of  concrete  slabs  exposed  to 
outdoor  weathering  and  to  scaling  caused  by  the  use  of  salts  for  ice  removal.  The 
use  of  air  entrainment  in  increasing  the  resistance  to  scaling  was  demonstrated. 
However,  as  some  scaling  was  obtained  on  air-entrained  concrete,  the  use  of 
other  materials  with  air-entrained  concrete  was  tried.  Materials  applied  to  the 
surface  of  the  hardened  concrete  were  found  of  little  benefit  in  preventing  scaling. 
A  number  of  admixtures,  including  several  silicones,  were  tried  and  most  of  them 
were  found  to  be  beneficial.  Investigation  of  the  effect  of  silicone  admixtures 
on  the  properties  of  concrete  was  being  continued. 

Work  on  the  development  of  test  methods  for  concrete  was  continued.  A  re- 
port was  being  prepared  on  the  indirect  tensile  (cylinder  splitting)  test,  recently 
adopted  as  a  tentative  standard  test  by  the  ASTM,  which  may  eventually  re- 
place the  flexural  strength  test.  Work  was  also  being  done  on  the  development 
of  a  simple  test  to  measure  the  wear  resistance  of  concrete. 

A  study  of  the  use  of  lightweight  aggregates  was  continued,  to  determine 
the  effect  of  the  use  of  these  materials  on  the  properties  of  concrete.  The  effects 
of  the  type  of  raw  material,  manufacturing  process,  and  degree  of  saturation 
by  water  when  used  were  being  studied.  Tests  were  being  made  to  deteimine 
the  relation  between  the  physical  properties  of  the  aggregates  and  the  prop- 
erties of  concrete  prepared  with  them.  Particular  attention  was  being  given 
to  the  development  of  a  structural  strength  test  of  the  aggregate  particles  that 
will  correlate  with  the  strength  of  concrete. 

Control  of  the  quality  of  concrete  is  facilitated  if  the  cement  content  of  the 
concrete  can  be  determined.  A  method  for  making  this  determination  on  the 
plastic  concrete  by  means  of  a  centrifuge  was  being  studied. 

Cooperative  investigations  of  continuously  reinforced  portland  cement  con- 
crete pavements  in  Mississippi  and  South  Dakota  were  added  during  the  year 
to  those  in  progress  in  five  other  States.  Pioneered  in  1938  by  Public  Roads 
and  Indiana,  10  States  have  built  one  or  more  of  these  so-called  jointless  pave- 
ments. Of  the  110  equivalent  2-laue  miles  now  in  service,  nearly  one-third  were 
constructed  during  the  past  year.  End  anchorages  as  a  possible  solution  to  the 
problems  associated  with  large  end  movements  featured  recent  construction. 
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statewide  performance  surveys  of  concrete  pavements  in  Illinois,  Maryland, 
Michigan,  and  Oklahoma  were  continued.  These  may  lead  to  refinements  in 
design  criteria.  Other  cooperative  projects  included  investigations  in  New 
York  on  the  configuration  of  the  joint  groove  for  optimum  sealing,  and  on  the 
corrosion  of  dowels  using  unprotected  steel,  stainless  steel  sleeves,  and  nickel 
coatings ;  in  Indiana  on  the  effectiveness  of  soil-cement,  dense-graded  and  oijen- 
graded  subbases  of  various  thicknesses  in  the  control  of  pumping ;  and  in  Cali- 
fornia on  the  cause  and  prevention  of  erratic  cracking. 

Still  other  cooperative  projects  included  studies  at  the  Cornell  Aeronautical 
Laboratory  on  the  development  of  a  mathematical  model  of  the  behavior  of 
pavements  under  dynamic  loadings ;  at  Purdue  University  on  the  development  of 
a  nondestructive  method  of  measuring  moisture  gradients  in  hardened  concrete ; 
at  Lehigh  University  and  the  University  of  Maryland  on  the  lap  requirements  for 
longitudinal  reinforcing  steel  in  continuously  reinforced  pavements. 

Road  surface  research 

Alabama  and  Nebraska  joined  21  other  States  and  agencies  which  have 
roughometers  constructed  from  Public  Roads  plans.  The  nationwide  correlation 
study  of  this  type  of  equipnient  was  continued,  with  15  machines  receiving  this 
service  to  date.  Cooperative  studies  were  continued  on  the  riding  quality  of 
pavements  in  Illinois,  Maryland,  Michigan,  and  North  Dakota. 

Rigorous  tests  conducted  on  the  Public  Roads  single-wheeled  skid-resistance 
trailer  indicated  the  need  for  redesigning  the  equipment.  A  new  two-wheel 
trailer,  under  eonstiiiction,  will  permit  determination  of  friction  coeflacients 
vpith  either  one  or  lioth  wheels  locked.  A  British  portable  skid-resistance  tester 
was  acquired. 

Bridge  and  guardrail  research 

Reports  on  dynamic  tests  on  bridges  in  Missouri,  Nebraska,  and  South  Dakota 
were  in  preparation.  Plans  were  developed  for  using  the  Public  Roads  equip- 
ment and  personnel  in  the  dynamic  testing  of  bridges  in  Maryland  and  Virginia 
in  the  summer  of  1961.  Public  Roads  personnel  participated  in  tests  of  the 
bridges  on  the  AASHO  Test  Road,  using  the  Public  Roads  electronic  field 
testing  equipment.  Analysis  of  the  test  data  by  a  University  of  Illinois  team 
was  based  upon  the  findings  of  the  cooperative  theoretical  and  laboratory  re- 
search on  this  subject  at  the  University.     The  correlation  has  been  very  good. 

Tests  made  in  the  Public  Roads  wind  tunnel  on  a  one-fiftieth  scale  section 
model  of  the  San  Pedro,  Calif.,  suspension  bridge  led  to  design  changes  which 
improved  its  aerodynamic  characteristics  and  also  reduced  its  cost.  Exhaustive 
studies  were  made  on  a  one  seventy-fifth  scale  section  model  of  the  Golden 
Gate  Bridge  in  an  investigation  of  various  schemes  for  the  modification  of  the 
bridge  to  carry  rapid-transit  facilities.  The  report  on  these  tests  was  incor- 
porated in  the  report  of  the  consultants  on  the  feasibility  of  the  project.  Prep- 
arations were  being  made  to  test  a  section  model  of  a  proposed  suspension 
bridge  over  the  Tagus  River  at  Lisbon,  Portugal. 

Electronic  devices  for  measuring  and  recording  all  components  of  the  wind 
velocity  at  a  given  point  were  being  developed  cooperatively  by  Public  Roads 
and  the  LTniversity  of  Washington.  Part  of  the  tests  will  be  made  in  the 
Public  Roads  wind  tunnel.  A  number  of  the  electronic  recording  devices,  dis- 
posed about  a  suspension  bridge  or  at  a  proposed  bridge  site,  woiild  make 
possible  a  detailed  and  comprehensive  study  of  wind  conditions,  thus  permitting 
a  more  specific  application  of  the  results  of  wind  tunnel  tests  on  section  models 
to  the  prediction  of  the  behavior  of  a  suspension  bridge  in  the  wind. 
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The  cooperative  research  on  riveted  aud  bolted  joiuts  at  Lehigh  University 
and  the  University  of  Illinois,  which  led  to  important  changes  in  the  AASHO 
and  other  bridge  specifications,  continued  to  develop  new  knowledge.  The  plate 
girder  studies  at  Lehigh  University  were  continued.  Cooperative  studies  of 
fatigue  in  steel  at  the  University  of  Illinois  were  extended  into  the  fields  of 
concrete  reinforcement,  high-strength  steels,  and  inspection  practice.  Impor- 
tant reports  were  prepared  on  the  concrete  and  prestressed  concrete  research 
at  Lehigh  University  and  the  Universities  of  Illinois  and  Missouri,  and  all  of 
these  studies  were  continued.  Cooperative  studies  of  precast  concrete  units 
were  made  at  the  University  of  North  Carolina,  where  studies  were  also  initiated 
on  the  action  of  diaphi'agms  between  the  beams  of  steel  bridges.  Cooperative 
tests  on  a  half-scale  model  of  a  200-foot  steel  truss  bridge  at  Northwestern 
University  provided  important  information  on  the  behavior  of  compression 
members  under  the  influence  of  other  meniJ)ers  of  the  truss.  A  series  of  tests 
showed  the  possibility  of  predicting  the  load-carrying  capacity  of  end  posts 
which  have  been  damaged  by  collision. 

Cooperative  studies  of  the  use  of  epoxy  resins  for  obtaining  composite  action 
of  concrete  slabs  and  steel  beams  and  for  other  applications  in  bridge  design  were 
in  progress  at  the  University  of  Arizona  and  Rensselaer  Polytechnic  Institute. 
Under  a  cooperative  project  in  California  tlie  State  Division  of  Highways  made 
extensive  dynamic  load  tests  on  an  SO-foot  concrete  box  girder  bridge  to  study 
load  distribution,  the  effect  of  diaphragms,  and  other  factors ;  and  the  University 
of  California  made  a  one-fourth  scale  model  of  the  same  structure  and  began 
tests  for  correlation  with  the  field  studies.  Cooperative  research  was  started  at 
the  Cornell  Aeronautical  Laboratory  for  determining  the  behavior  of  bridge 
railing  under  the  impact  of  vehicles  and  the  design  criteria  for  a  railing  to 
provide  adequate  protection  to  traflBc. 

Studies  of  guardrail  performed  by  Rhode  Island  in  cooperation  with  the  Owens- 
Corning  Fiberglas  Corporation  were  completed.  The  planned  impact  tests  were 
made  on  three  different  types  of  guardrail — woven  wire  fabric,  a  standard  steel 
beam,  and  a  fibrous-glass  reinforced  plastic  beam  similar  in  cross  section  to  the 
steel  beam.  Full-scale  dynamic  tests  of  highway  barriers  were  initiated  by  New 
York  in  cooperation  with  the  Cornell  Aeronautical  Laboratory.  Comprehensive 
mathematical  equations  representing  the  structural  response  of  the  barrier  will 
be  developed  and  validated  by  realistic  impact  tests. 

Foreign  Activities 

Inter-American  Highway 

Since  1930  the  United  States,  through  the  Bureau  of  Public  Roads,  has  been 
assisting  the  Republics  of  Guatemala,  El  Salvador,  Honduras,  Nicaragua,  Costa 
Rica,  and  Panama  in  the  construction  of  the  Inter-American  Highway,  which  is 
that  section  of  the  Pan  American  Highway  System  from  Nuevo  Laredo,  on  our 
Mexican  border,  to  Panama  City  at  the  Pacific  terminal  of  the  Panama  Canal,  a 
distance  of  3,142  miles.  Connecting  highways  from  El  Paso  and  Nogales,  Tex., 
now  afford  more  direct  routes  to  Mexico  City  from  the  western  United  States. 
The  section  of  the  highway  in  Mexico  has  been  financed  and  constructed  entirely 
by  Mexico.  At  the  end  of  the  year  96  percent  of  the  Inter-American  Highway 
was  passable  in  all  kinds  of  weather  by  motor  vehicles,  but  uninterrupted  travel 
to  Panama  City  was  still  an  impossibility. 

Throughout  its  length  of  1,587  miles  in  Mexico,  the  highway  was  open  and 
practically  all  of  it  was  paved.  South  from  the  Guatemala-Mexico  border,  the 
highway  was  also  passable  over  paved  or  gravel  roads  for  1,118  miles  to  San 
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Isidro,  Costa  Kica.  In  this  distance,  many  sections  were  under  construction, 
hut  the  route  was  open  and  passable  without  undue  difficulty.  From  San  Isidro 
to  the  Panama  border,  a  distance  of  133  miles,  grading  and  gravel  surfacing  was 
completed  and  30  bridges  were  under  construction.  Upon  completion  of  these 
bridges  the  entire  route  of  the  Inter-American  Highway  will  be  passable.  From 
the  Costa  Rica  border  to  Panama  City,  a  distance  of  304  miles,  the  highway  was 
passable  at  all  times  but  considerable  construction  was  underway. 

The  condition  of  the  Inter-American  Highway  in  the  Central  American 
Republics  and  work  accomplished  during  the  fiscal  year  are  described  in  the 
following  paragraphs. 

In  Guatemala,  the  highway  was  passable  at  all  times.  Occasional  slides  and 
washouts  may  delay  traffic  in  the  Selegua  Canyon  for  short  periods  during  the 
next  few  years  until  the  highway  becomes  stabilized.  During  the  year  39  miles 
of  base  course  and  paving  were  constructed  from  Patzicia  north  to  Los  Encuentros. 
Grading  on  42  miles  of  the  route  in  southern  Guatemala  was  completed.  Con- 
struction proceeded  slowly  on  tlie  remaining  bridges. 

In  El  Salvador,  the  highway  has  been  completed  throughout  the  coimtry. 

In  Honduras,  base  course  and  paving  work  was  underway  for  the  entire 
length,  but  progress  was  slow  during  the  year. 

In  Nicaragua,  the  base  course  and  paving  was  completed  on  the  22-mile  section 
between  Rivas  and  the  Costa  Rica  border.  Similar  work  was  under  construction 
on  the  last  unpaved  section  in  Nicaragua,  between  Condega  and  Sebaco,  a  distance 
of  49  miles.     Good  progress  was  made  during  the  year. 

In  Costa  Rica,  all  of  the  grading  and  drainage  work  previously  under  construc- 
tion was  completed,  and  construction  was  started  on  the  39  bridges  along  the 
only  remaining  impassable  gap  in  the  entire  length  of  the  Inter-American  High- 
way.   This  gap  extends  for  133  miles  from  San  Isidro  south  to  the  Panama  border. 

In  Panama,  the  17-mile  section  from  the  Costa  Rica  border  to  Concepcion, 
which  was  previously  impassable,  was  opened  to  all-weather  travel  by  completion 
of  a  gravel  surface.  Work  on  87  miles  of  highway  was  substantially  completed 
at  the  end  of  tlie  year  after  2  years  of  delay  because  of  the  failure  of  the  original 
contractor.  The  concrete  paving  on  a  2S-mile  section  from  Aquadulce  to 
Penonome  was  completed. 

Other  Central  American  projects 

In  Guatemala,  Public  Roads  continued  furnishing  technical  engineering  as- 
sistance to  the  International  Cooperation  Administration  in  connection  vplth 
the  construction  and  improvement  of  the  Pacific  Highway  from  the  Mexican 
border  to  the  border  of  El  Salvador,  and  a  rural  development  road  program. 

In  Costa  Rica,  a  Public  Roads  equipment  specialist  continued  to  assist  the 
Government  in  the  purchase  and  maintenance  of  construction  equipment  and 
training  of  operators,  and  an  engineer  sui>ervised  the  construction  of  the  San 
Jose-El  Coco  Airport  project  being  financed  with  a  loan  from  the  Export-Import 
Bank.  In  addition,  a  bridge  engineer  and  an  administrative  officer  were  sent  to 
Costa  Rica  on  short  assignments. 

In  Panama,  three  equipment  specialists  continued  to  furnish  technical  aid  and 
assistance  to  the  Government  in  connection  with  the  operation  and  maintenance 
of  road  construction  equipment  and  the  training  of  equipment  operators. 

The  United  States  is  aiding  Nicaragua  financially  in  the  construction  of  the 
Rama  Road  whicli,  when  completed,  will  form  the  main  transportation  link 
between  the  settled  portion  of  Nicaragua  on  the  Pacific  Coast  and  the  large, 
undeveloped  fertile  areas  of  eastern  Nicaragua  and  the  Atlantic  Ocean.     The 
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155-mile  road  extends  east  from  Sau  Benito  on  tlie  Inter-Amerieau  Higlnvay  to 
Rama,  a  potential  river  port  on  the  Escondido  River.  Construction  began  on  this 
road  in  1943  with  United  States  funds  and  continued  until  June  1948.  At  that 
time,  92  miles  of  all-weather  road  had  been  completed  eastward  from  San  Benito. 
Work  was  resumed  in  1955  and  since  then  58  miles  of  road  and  bridge  work 
liave  been  put  under  contract,  of  which  44  miles  have  been  completed.  Funds 
were  available  for  only  a  portion  of  the  remaining  5  miles. 

Other   foreign   aid   activities 

Since  the  end  of  World  War  II  the  Bureau  of  Public  Roads  has  provided 
technical  assistance,  advice,  and  consultation  in  many  foreign  countries  in 
cooperation  with  the  Department  of  State,  the  Export-Import  Bank,  and  the 
International  Bank  for  Reconstruction  and  Development.  The  objectives  of  such 
assistance  have  been  to  further  the  programs  of  highway  improvement  and 
communications  in  those  countries,  thus  fostering  their  economic  and  social 
growth.  Emphasis  lias  been  given  to  aiding  the  countries  in  establishing  com- 
petent highway  organizations  and  training  nationals  to  staff  them. 

Public  Roads  actively  participated  in  highway  improvement  programs  in  22 
countries  during  the  fiscal  year  1961.  Programs  in  20  of  these  countries — 
Cambodia,  Cameroun  Republic,  Chile,  Colombia,  Jordan,  Laos,  Lebanon,  Liberia, 
Mali,  Morocco,  Nepal,  Peru,  the  Philippines,  Somaliland,  Southern  Cameroun, 
Spain,  Sudan,  Togo,  Turkey,  and  Yemen — were  sponsored  by  the  International 
Cooperation  Administration  (ICA).  The  program  in  Ethiopia  was  financed  by  a 
loan  from  the  International  Bank  for  Reconstruction  and  Development  (World 
Bank),  and  the  program  in  Iran  was  financed  by  a  loan  from  the  Export-Import 
Bank.  In  both  of  these  countries,  technical  assistance  w^as  provided  under  a 
direct  agreement  with  the  Bureau  of  Public  Roads. 

In  11  of  these  countries  programs  of  assistance  begun  in  previous  years 
were  continued,  while  new  programs  were  initiated  in  Cambodia.  Chile, 
Colombia,  Peru,  and  Spain.  In  Cameroun,  Cliile,  Mali,  Morocco,  Somaliland, 
Southern  Cameroun,  and  Togo,  the  assistance  requested  was  completed  within 
the  fiscal  year,  and  major  activities  in  Turkey  and  the  Philippines  were  phased 
out. 

Activities  in  Canihodia. — Late  in  the  fiscal  year  ICA  requested  Public  Roads 
to  provide  engineering  supervision  and  assistance  in  accomplishing  repairs  and 
reconstruction  on  the  Khmer-American  Friendship  Highway  in  Cambodia,  from 
Phnom  Penh  to  the  port  at  Sihanoukville.  Two  engineers  were  promptly  sent 
to  Cambodia  to  study  the  materials  and  construction  problems.  It  is  expected 
that  this  will  become  a  major  project  within  the  next  fiscal  year. 

Activities  in  Chile. — At  the  request  of  ICA  and  the  Government  of  Chile,  two 
Public  Roads  engineers  went  to  Chile  during  the  fiscal  year  for  periods  of  3 
months  each.  The  Government  of  Chile  had  purchased  modern  bituminous 
paving  equipment  and  had  underway  an  ambitious  program  of  bituminous  paving, 
but  training  of  engineers,  technicians,  and  equipment  operators  had  not  kept 
pace  with  the  importation  of  equipment.  The  Public  Roads  engineers  instructed 
personnel  and  assisted  in  improving  existing  practices  on  bituminous  paving 
work,  with  gratifying  results. 

Activities  in  Colomhia. — A  Public  Roads  engineer  was  sent  to  Colombia,  at  the 
request  of  ICA  and  the  Government  of  Colombia,  for  3  months  early  in  1961. 
During  that  period  he  assisted  the  Ministry  of  Public  Works  in  completing  appli- 
cations for  loans  for  road  construction  from  the  Export-Import  Bank  and  the 
Development  Loan  Fund.  He  returned  to  Colombia  in  April  1961  to  begin  a 
2-year  stay  as  technical  advisor  to  the  Ministry  of  Public  Works. 
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Activities  in  Ethiopia. — Public  Roads  has  continued  to  assist  the  Imperial 
Highway  Authority  of  Ethiopia  in  all  phases  of  its  expanding  highway  activity 
since  1951.  Public  Roads  personnel  have  functioned  in  key  positions  of  the 
Imperial  Highway  Authority  and  have  provided  training  at  the  professional, 
subprofessional,  and  artisan  levels.  The  Imperial  Highway  Authority  is  now 
largely  staffed  by  Ethiopians  who  have  been  trained  under  this  program,  includ- 
ing five  of  the  six  district  engineers.  A  substantial  mileage  of  highways  has 
been  constructed  or  reconstructed  and  was  being  well  maintained,  and  the 
benefits  to  Ethiopia  have  been  outstanding. 

All  phases  of  the  program  in  Ethiopia  were  continuetl  throughout  fiscal  year 
1961.  Maintenance  operations  were  extended  to  include  asphalt  resurfacing 
of  an  additional  100  miles  of  road.  Work  was  continued  on  force-account 
betterments  and  contract  work  was  begun  on  8  bridges  varying  from  50  to  150 
feet  in  length.  Fourteen  Public  Roads  employees  were  assigned  to  Ethiopia  at 
the  end  of  the  fiscal  year. 

Activities  in  Iran. — During  the  fiscal  year  Public  Roads  technical  assistance 
in  Iran  continued  to  be  concentrated  on  maintenance  work,  but  assistance  in  all 
other  phases  of  the  highway  program  was  expanded.  Training  schools  for 
equipment  operators  were  doing  elfective  work.  Thirty-eight  prefabricated 
maintenance  shops  were  being  erected  throughout  the  country.  Machine  mainte- 
nance had  been  somewhat  expanded  and  covered  4,300  of  the  17,000  miles  of 
main  roads  in  Iran.  A  bituminous  surface-treatment  program  was  started,  with 
250  miles  of  such  work  schedided  for  the  next  fiscal  year.  A  nationwide  radio 
communications  network  consisting  of  10  base  stations  and  a  number  of  units 
installed  in  motor  vehicles  was  established.  A  materials  testing  laboratory  was 
installed.     Forty  trafiic  coimters  were  in  operation  and  more  were  being  added. 

Assistance  was  given  in  modernization  of  the  National  Highway  Department. 
A  new  plan  of  organization  was  established,  closely  approximating  that  of  a 
state  highway  department  in  the  United  States.  Basic  work  was  completed  on  a 
tourist  map  of  the  country,  to  be  printed  on  one  side  in  Farsi,  the  language  of 
Iran,  and  on  the  opposite  side  in  English.  At  the  end  of  the  year  it  was  expected 
that  negotiations  for  a  third  Export-Imiwrt  Bank  loan  in  the  amount  of  $3.5 
million  would  be  completed  shortly,  to  provide  additional  equipment  and  repair 
parts.     Public  Roads  personnel  in  Iran  at  the  end  of  the  year  totaled  43. 

Activities  in  Jordan. — Public  Roads  has  given  technical  assistance  to  the 
Government  of  Jordan  since  the  beginning  of  the  road  program  in  1952.  During 
the  year  the  13-man  Public  Roads  staff  carried  on  advisory  and  training  activities 
in  all  areas  of  highway  work.  Agreements  were  signed  during  the  year  for  full 
or  partial  construction  of  73  miles  of  roads  to  various  stages,  and  for  construction 
of  a  district  maintenance  yard  with  shops  and  buildings.  Work  on  the  Sweileh- 
Jarash  Highway  was  finished  and  the  Zerka  River  Bridge  was  opened  to  traffic. 
New  highway  construction  was  being  financed  with  United  States  P.L.  480 
(surplus  grain)  funds  amounting  to  $4.5  million.  The  Wadi  Es  Sir  equipment 
repair  and  maintenance  yard  was  completed  at  a  total  cost  of  $1  million,  as  was  a 
new  materials  laboratory  building. 

A  trafiic  count  program  and  a  bridge  inventory  were  begun,  and  discussions 
were  held  on  truck-weight  regulation,  highway-user  taxation,  and  highway  route 
and  section  numbering.  A  detailed  proposal  for  the  reorganization  of  the  high- 
way division  of  the  Ministry  of  Public  Works  was  prepared.  Daily  on-the-job 
training  was  carried  on  continuously  between  each  United  States  technician  and 
his  counterpart.  Formalized  on-the-job  training  schools  were  conducted,  and 
during  the  year  some  50  mechanics  received  training.     In  addition,  short-term 
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training  schools  were  held  for  equipment  operators  and  surveyors.  Sixteen 
Jordanians  were  sent  to  other  countries  for  training. 

Activities  in  Laos.— Public  Roads  assistance  to  Laos  began  in  fiscal  year  I'JGO. 
Two  engineers  were  in  Laos  as  the  year  opened,  and  further  restaflBng  was  in 
progress ;  but  the  coup  d'etat  on  August  9  and  subsequent  events  in  Laos  eventu- 
ally necessitated  evacuation  of  all  personnel  to  Bangkok,  Thailand.  By  the  end 
of  the  fiscal  year  six  of  the  staff  had  returned  to  Laos. 

A  reduced  program  was  prepared  to  continue  work  in  small,  secure  areas 
where  the  principal  towns  and  the  offices  of  the  Public  Works  Department 
were  located.  Subsequently  a  new  program  for  fiscal  year  1961  was  prepared, 
incorporating  provisions  for  joint  control  of  equipment,  materials,  and  opera- 
tions, with  strict  supervision  of  construction  and  spare  parts  use.  Bids  were 
advertised  for  construction  of  the  62-mile  Nam  Cadinh-Nam  Hinboun  road 
but  subsequently,  because  of  unsettled  conditions,  the  project  was  indefinitely 
deferred. 

Good  progress  was  made  during  the  year  in  developing  the  equipment  repair 
facilities  near  Vientiane.  A  new  warehoiise  was  completed  and  equipped,  and 
was  receiving  adequate  quantities  of  repair  parts.  A  new  shop  building  was 
almost  completed,  and  shop  training  and  equipment  i-epair  was  started. 

A  start  was  also  made  on  soils  studies  at  the  Vientiane  soils  laboratory.  A 
general  review  was  made  of  the  bridge  survey  of  the  Vientiane-Luang  Prabang 
route  and  studies  were  made  of  the  Bailey  components  needed  for  the  structures. 
An  understanding  was  reached  regarding  the  structures  that  would  be  furnished 
by  the  British.  Some  3,600  tons  of  bridge  components  from  Japan  arrived  in 
Bangkok,  and  the  preliminary  design  of  the  substructures  for  several  of  the 
larger  bridges  was  completed.  At  the  close  of  the  fiscal  year  arrangements 
were  being  made  to  move  both  the  Japanese  and  British  bridge  components  to 
storage  in  Thailand. 

During  the  year  several  miles  of  road  construction  was  accomplished,  includ- 
ing five  bridges  built  by  contract  on  the  Vientiane-Luang  Prabang  route,  and 
reconstruction,  including  surfacing,  was  completed  on  38  miles  of  roads. 

Activities  in  Lebanon. — Public  Roads  has  assisted  Lebanon  since  1958  in  its 
highway  program.  During  the  fiscal  year  the  Lebanese  Highway  Department 
was  assisted  in  the  implementation  of  a  decree  for  complete  reorganization. 
Progress  was  made  in  the  design  of  controlled-access  type  highways,  research 
in  bridge  design  using  local  materials,  control  of  construction  materials  and 
laboratory  procedure,  and  repair  and  maintenance  of  highway  construction 
equipment.  Construction  w^ork  was  limited  due  to  the  lack  of  adequate  plans 
or  frozen  construction  funds. 

A  central  highway  equipment  repair  shop  was  completed,  and  training  was 
begun  for  mechanics  and  oi>erators  in  the  use  of  the  machine  tools  purchased 
with  United  States  aid  funds.  During  the  year  $376,000  of  modern  highway 
equipment,  machine  tools  and  spare  parts,  and  laboratory  equipment  was  de- 
livered and  put  into  use.  Work  continued  on  the  administration  and  inspection 
of  the  nationwide  highway  program  in  which  the  labor  component  was  being 
financed  with  United  States  P.L.  480  (surplus  grain)  funds. 

During  the  fiscal  year  $656,000  of  the  original  grant  of  $1,967,000  was  spent. 
Through  these  projects  considerable  technical  know-how  has  been  given  and 
put  into  use  in  the  construction  and  maintenance  of  rural  roads.  At  the  end 
of  the  year  the  Public  Roads  mission  had  a  staff  of  six. 

Activities  in  Liheria. — Assistance  to  Liberia  by  Public  Roads  began  in  1952. 
During  the  fiscal  year  88  miles  of  hard-surfaced  roads  were  constructed  includ- 
ing 12  miles  of  asphalt ;  36  miles  of  selected-material  surfaced  roads  were  com- 
pleted in  the  Eastern  Province ;  and  a  600-foot  concrete  bridge  over  the  Farm- 
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ington  River  was  completed.  Construction  was  begun  on  four  river  bridges 
ranging  from  280  to  760  feet  in  length.  The  Liberian  Division  of  Highways 
survey  parties  located  60  miles  of  line  through  heavy  growth,  and  designs  were 
completed  for  81  miles  of  highway.  The  materials  laboratory,  previously 
established  with  Public  Roads  assistance,  aided  the  highway  and  public  buildings 
programs. 

Six  Liberians  were  receiving  training  in  United  States  colleges.  On-the-job 
training  of  Liberian  highway  personnel  was  increased,  with  special  emphasis 
on  maintenance  work.  A  rural  area  development  program  was  being  initiated 
by  the  Government  of  Liberia,  and  Public  Roads  personnel  advised  on  equipment 
needs  for  the  program  and  will  provide  technical  assistance  for  the  road  con- 
struction. Eleven  Public  Roads  personnel  were  in  Liberia  at  the  end  of  the 
fiscal  year. 

Activities  in  Nepal. — Public  Roads  has  been  furnishing  technical  assistance 
to  the  Government  of  Nepal  in  highway  improvement  since  1958  under  a  joint 
agreement  among  the  Governments  of  Nepal,  India,  and  the  United  States.  The 
program  involved  improvement  of  existing  roads  and  construction  of  others 
totaling  over  800  miles,  and  training  of  a  Nepalese  staff  in  modern  highway 
procedures.  Throughout  the  fiscal  year  efforts  of  the  seven-man  Public  Roads 
staff  were  concentrated  largely  on  scattered  construction  work  on  low  standard 
projects,  designed  and  located  to  improve  existing  rural  routes  and  to  open 
up  new  areas. 

Activities  in  Peru. — Public  Roads  sent  two  highway  engineers  to  Peru  during 
the  fiscal  year  to  assist  the  Government  of  Peru  in  implementing  a  highway 
construction  program  known  as  the  "penetration  road  development."  The  pro- 
gram is  to  be  financed  by  loans  from  the  Export-Import  Bank  and  Develop- 
ment Loan  Fund. 

Activities  in  the  Philippines. — Public  Roads  has  maintained  a  work  group  in 
the  Philippine  Islands  since  1946,  but  its  objectives  have  largely  been  accom- 
plished and  at  the  end  of  the  fiscal  year  the  mission  under  ICA  was  terminated. 
However,  during  the  year  Public  Roads  agreed  to  provide  three  advisors  to  the 
Philippine  Government  to  assist  in  implementing  a  new  highway  program 
financed  in  part  by  a  loan  from  the  Development  Loan  Fund. 

Activities  in  Spai7i. — At  the  request  of  ICA  and  the  Government  of  Spain,  two 
Public  Roads  engineers  were  detailed  to  Spain  as  advisors  during  the  fiscal  year 
and  were  actively  assisting  in  training  and  operations.  Under  a  new  highway 
law,  the  Direccion  General  de  Carreteras  (Department  of  Highways  in  Spain) 
was  requested  to  prepare  a  plan  for  road  improvement  for  the  next  16  years, 
divided  into  4-year  periods,  and  covering  the  50,000  miles  of  roads  under  its 
jurisdiction.  Field  manuals  were  prepared  for  a  road  and  bridge  inventory, 
personnel  were  trained,  and  work  was  started  with  eight  field  parties.  Equip- 
ment for  the  survey  was  developed  in  Madrid.  Time  did  not  permit  exhaustive 
study  of  urban  transportation  problems  but  a  start  was  being  made.  Field 
work  was  completed,  as  a  pilot  study,  for  an  origin  and  destination  study  in 
Jerez,  a  city  of  108,000. 

A  detailed  inspection  has  been  made  of  maintenance  practices  on  the  more 
important  routes  and  reconunendations  were  made  for  a  maintenance  organiza- 
tion and  for  procurement  of  maintenance  equipment. 

Activities  in  Sudan. — Public  Roads  has  assisted  Sudan  in  highway  work 
since  1957.  During  the  fiscal  year,  a  12-mile  maintenance  and  betterment 
demonstration  road  was  completed.  Surveys  were  completed  and  plans  pre- 
pared for  a  second  24-mile  pi'oject.  Construction  plans  for  114  miles  on  a  road 
from  Khartoum  to  Wad  Medani  were  also  substantially  completed.     The  13- 
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mile  highway  constniction  demonstration  project  contract  was  extended  to  18 
miles  and  at  the  end  of  the  fiscal  year  the  construction  was  al)0ut  half  complete. 

A  training  aids  building  was  erected  and  construction  plans  for  a  shop  build- 
ing were  underway.  A  materials  laboratory  was  equipped  with  American 
testing  equipment,  and  additional  road  and  shop  equipment  was  also  procured. 
Training  of  Sudanese  engineers  and  technicians  to  staff  a  Sudanese  highway 
organization  was  stepped  up.  Thirteen  Sudanese  were  programed  for  scholar- 
ships in  the  United  States  and  elsewhere,  and  three  Sudanese  returned  from 
United  States  scholarships  to  occupy  key  positions  in  the  growing  Sudanese 
highway  organization.  On-the-job  training  was  carried  out  in  connection  with 
all  activities.    The  Public  Roads  staff  had  10  members  at  the  end  of  the  year. 

Activities  in  Turkey. — Assistance  by  Public  Roads  to  Turkey  in  the  highway 
field  began  in  1947.  As  a  result  of  the  assistance  and  training  provided  by 
Public  Roads,  the  proficiency  of  the  Turkish  Highway  Department  had  reached 
a  level  which  warranted  ending  the  broad  technical  assistance  program  in  1959. 

Since  that  time,  limited  assistance  has  been  carried  on  in  several  fields.  A 
specialist  assisted  for  3  luonths  in  the  completion  of  a  traffic  survey  initiated 
in  1958.  For  another  project,  to  establish  an  integrated  accounting  system  and 
a  cost  research  engineering  department,  a  specialist  was  assigned  to  assist  in 
the  installation  of  an  electronic  computer  and  in  the  development  of  a  program 
for  its  use. 

Tentative  plans  were  being  made  for  procurement  of  machinery  and  equip- 
ment to  construct  adequate  forest  roads  that  would  facilitate  the  development 
of  the  vast  natural  forest  resources  of  Turkey,  under  an  agreement  between 
Public  Roads  and  the  Turkish  Forestry  Service,  with  financing  by  an  Export- 
Import  Bank  loan. 

Activities  in  Yemen. — At  the  request  of  ICA  two  Public  Roads  engineers  made 
a  reconnaissance  of  Yemen  roads  and  road  requirements  in  1959.  Subsequently 
Public  Roads  undertook  the  improvement  and  reconstruction  of  an  existing  sub- 
standard road  between  Mocha,  Taiz,  and  Sana.  Improvement  of  this  road  to  ade- 
quate standards  will  be  a  major  step  in  the  economic  development  of  Yemen, 
where  transportation  costs  are  extremely  high.  The  program  in  Yemen  was 
unusual  in  that  the  primary  objective  was  production  of  road  mileage,  although 
training  and  organization  were  also  of  major  importance. 

Road  building  equipment  and  engineers  were  sent  to  Yemen  during  the  fiscal 
year.  Work  was  begun  on  a  headquarters  site  at  Taiz,  to  include  residences,  a 
major  shop,  warehouse,  and  all  support  facilities.  The  equipment  was  later 
moved  to  the  road  project  and  grading  was  started.  At  the  end  of  the  fiscal 
year  heavy  construction  equipment  liad  arrived  and  highway  construction  was 
well  underway  with  approximately  3  miles  of  grading  finished.  The  engineers 
had  laid  a  tentative  line  between  Mocha  and  Taiz. 

A  training  program  was  started  late  in  the  fiscal  year,  and  10  Yemeni  nationals 
were  selected  for  training  in  the  United  States.  At  the  end  of  the  year  39 
American  engineers  and  technicians  and  5  third  country  nationals  were  working 
in  Yemen,  with  700  Yemeni  workmen  on  the  payroll. 

Foreign   training  programs 

Study,  observation,  and  training  programs  for  foreign  engineers  continued 
to  increase  during  the  fiscal  year.  Public  Roads,  through  the  cooperation  of  the 
States,  counties,  cities,  and  industry,  arranged  programs  for  342  foreign  highway 
officials,  engineers,  and  technicians  from  50  countries.  A  record  719  man- 
months  of  study  was  provided.  The  International  Cooperation  Administration 
sponsored  the  majority  of  visitors  but  many  individuals  were  referred  to  Public 
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Roads  through  the  Bureau  of  Educational  and  Cultural  Exchange,  Department 
of  State,  United  Nations,  private  foundations,  and  their  own  governments" 
subsidization. 

Through  an  agreement  with  Public  Roads,  Ohio  inaugurated  a  group  program 
for  29  ICA-sponsored  foreign  engineers  during  March  1961.  The  visitors,  repre- 
senting 10  countries,  started  with  9  weelvs  of  intensive  study  at  Ohio  State  Uni- 
versity and  at  year's  end  were  assigned  to  the  districts  of  the  Ohio  Department  of 
Highways  for  16  weeks  of  field  practice.  A  similar  group  program  was  being 
arranged  in  another  State. 
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Table  16. — Funds  authorized  by  sees.  2(a)  and  2(e)  (D  and  L  funds,  re- 
spectively) of  the  1958  act:  Projects  completed  during  the  fiscal  year  ended 
June  30,  1961,  by  State 


State  or  territory 


Completed  during  fiscal  year 


Total  cost 


Federal  funds 


D  funds 


L  funds 


Miles 


Alabama 

Alaska 

California 

Georgia 

Idaho 

Indiana 

Kentucky 

Massachusetts - 

Minnesota 

Montana 

New  York 

North  Dakota. 

Ohio 

Oregon 

South  Carolina 
Washington — 

West  Virginia-. 
Wisconsin 

Total 


$831,885 

2, 817, 841 

41, 182 

444, 755 

301,  909 

477, 869 

2,  519,  924 

1,  753, 999 

2, 825, 048 
598,  654 

8, 467, 976 
166,  596 

1,  790,  872 

25,  713 

1,267,843 

852, 114 

223, 000 
485,  707 


$593, 326 

2, 099,  257 

28,  476 

284, 895 

218, 860 

318,  580 

1,  672,  785 

723,  501 

1, 654,  478 

425, 164 

5,  396,  718 

91, 120 

1, 192,  661 

19, 049 

578,  400 

588, 129 

148, 667 
279,  920 


$66,  010 

120,  516 

6,823 

94,  965 

29,  384 
106, 193 
557,  595 
344, 995 

13, 021 

115, 660 

,  626,  994 

6,000 

368, 902 
4,323 


41, 055 
93, 306 


8.7 

18.5 

.3 

7.8 

9.7 

.3 

8.3 

4.5 

33.4 
9.4 
31.7 
10.4 

7.3 

.6 

50.2 

2.9 

.7 


25, 892, 887 


16,  313,  986 


3,  771,  703 
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Table  21. — Mileage  of  highway  construction  in  national  monuments,  parks, 
and  parkways  under  the  direct  supervision  of  the  Bureau  of  Public  Roads 
during  fiscal  year  1961 


Monument,  park,  or  parkway  (and  State) 


Completed 

during  fiscal 

year 


Under  con- 
struction as  of 
June  30,  1961 


MONUMENTS: 

Arches  (Utah) 

Capitol  Reef  (Utah).... 
Petrified  Forest  (Ariz.)- 


2.8 
"5."8" 


PARKS: 

Bryce  Canyon  (Utah) 

Carlsbad  Caverns  (N.  Mex.) . 

Crater  Lake  (Oregon.) 

Glacier  (Mont.) 


Grand  Canyon  (Ariz.) 

Grand  Teton  (Wyo.) 

Great  Smoky  Mountains  (N.C.-Tenn). 
Hawaii  (Hawaii) 


19.7 
5.4 
19.0 


Mammoth  Cave  (Ky.).. 
Mt.  McKinley  (Alaska). 

Mt.  Rainier  (Wash.) 

Olympic  (Wash.) 


0.5 
U.6 


Rocky  Mountain  (Colo.) 

Sequoia-Kings  Canyon  (Calif.) 

Shenandoah  (Va.) 

Theodore  Roosevelt  Memorial  (N.  Dak.). 


Vicksburg  Mihtary  (Miss.) . 

Yellowstone  (Wyo.) 

Yoseraite  (Calif.) 


1.5 


PARKWAYS: 

Blue  Ridge  (Va.-N.C.) 

Colonial  (Va.) 

Foothills  (Tenn.) 

George  Washington  Memorial  (Md.-Va.). 
Natchez  Trace  (Ala.-Miss.-Tenn.) 


Total. 


4.5 
8.7 


45.8 
1.8 
0.1 
3.9 

57.7 

177.8 


3.8 
6.3 

6.2 
20.1 

11.9 


14.0 

4.8 

14.7 

34.8 

3.9 

6.3 


15.9 
0.4 


4,2 
19.5 
20.1 


39.8 

8.9 
79.9 

343.7 
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Table  20. — Mileage  of  the  national  forest  highway  system,  by  forest  road  class 
and  by  State,  as  of  June  30,  1961 


Region  and  State  or  tenitory 

Total 

Class  1  ' 

Class  2  2 

Class  3  3 

WEST: 

567.8 
1,051.7 
2,451.7 
1,  489.  0 

1,229.2 

1,236.1 

369.5 

642. 3 

1,473.5 
300.2 
732.1 
766.8 
562.  4 

161.7 

327.5 

1,066.4 

572.9 

659.  6 
678.3 
154.7 
131.2 

681.5 
187.1 
224.2 
480.5 
344.4 

238.6 
653.0 

827.5 
544.1 

452.  6 
2.57. 4 
177.1 
431.7 

729.3 
101.1 

270.8 
238.4 
135.  5 

167.5 

71.2 

557.8 

372.  0 

117.0 

300.4 

37.7 

79.4 

62.7 

South  Dakota            ...._      _._. 

12.0 

Utah                       --  

237.1 

47.9 

82.5 

Total                                           -    --.  ^  -- 

12,  872. 3 

5, 670.  0 

5, 057. 1 

2, 145.  2 

EAST: 

374.4 
633.3 
288.0 
381.3 

306.2 

101.2 

20.0 

351.4 

402.1 
.      14.0 
1,161.3 

704.0 

547.1 

976.2 

23.5 

159.3 

830.0 

131.6 

81.8 

353.9 

776.7 
568.7 
365.7 
119.1 

1,  409.  7 

495.4 

467.5 

42.5 

82.3 
96.7 
32.7 
168.5 

241.3 
53.6 
11.3 

131.1 

53.3 

276.8 
536.6 
246.5 
187.0 

45.7 

47.6 

8.3 

211.2 

171.6 

15.3 

Floiida          -      -  ---  -    ---  -    --- 

8.8 

25.8 

19.2 

0.4 

9.1 

177.2 

14.0 

590.4 
311.8 

323.9 
370.  7 

358.0 
70.4 
45.1 

118.4 

238.2 
168.7 
128.3 
32.7 

379.0 

78.4 
75.7 

553.1 
365.4 

222.3 

599. 3 

23.5 

41.0 

430.7 
51.7 
36.7 
85.9 

467.5 

340.6 

209.9 

61.9 

928.4 

376.0 

391.8 

42.5 

17.8 

26.8 

0.9 

6.2 

56.4 

North  Carolina 

41.3 

Olilo           

9.5 

149.6 

71.0 

59.4 

27.5 

24.5 

102.3 

41.0 

Total                                       ---  --- 

12,085.9 

4, 222.  4 

6, 959.  5 

904.0 

Grand  total 

24, 958. 2 

9,  892.  4 

12,016.6 

3, 049.  2 

1  Forest  roads  which  are  on  the  Federal-aid  primary  system. 

2  Forest  roads  wliich  are  on  the  Federal-aid  secondary  system. 

3  Other  forest  highways. 


For   economy    of   space,    table   21    is    placed   on  page    101. 
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